
���������	��

���	����������
�������� �!��
"�#�$
"��� �&%'�)(*��
&+-,�,�,#.#/'�&�102���3,4�5����
&�6��
"����������


798;:=<�>@?�ACB�DFE3GIHKJML�N�8POQ8�R3AKSUTCVWAC<&X�Y2Z\[�X�]#^_8P`a8Pb3GcX�]�TCdeDFf

gih!j!h!k�l\monFmKh!p6qFrts�h"uKv!pWh�wxv!pzy4{'|P}"}&}�~�j!mFp�kev@v��9��j!m@�3����{_�=h�n�r"�����&wxv!��{'�t�)���!�P��}

R_8��Q?�GeACACD@X��P[�H�J�Z

�Pw	mFp�pCmo��h&qFr�w�s�mF����mo��{���v�nzw	uF��ni�&}&���!{'g3s¡ 1�����&��l\�¢s5mo�£�"mo��{Q¤�r2mQgim@w¥r2mopzkeh!�;��n

¦ 8�Ri8Pb3?PSUS�D@d Z LP798;N�8�ba?�VWVWDFA@L;§�8PN�8PN&<&J�X�TWVW<&XML�Ri8P^_8Pb3[4¨CGI[�X

©¡� �;��gih!j!h!k�~�uzn@mopzj�h�wxv�p�y�{ª�@|;}"�U«�h!nKnoh"qor"��nFm@w£w¥n��aj�m@��g#��{_�¬h�nKr"�¥���"wxv!�¬�t�)���!���!�

­3GIH�J�<&dI[�T�:®8P¯ªdIGI[�T�°C°6±

²ah!k¥k��3mFp6v!nx³2h&qzmt´µ¤;mKqor"�;v�k¶vC�&�£mont�¡v!p	³��I{Q¤�mopzpWmonzw�pz��h!k���keh!��m@w�·��¥�;�"mFpa��pWvC��pWh!¸9{��Q~�²av@¹º���&»���{'²3v���ke�"mFpK{
��~-¼��!���&»! 6�"�"»��

7i8;½ª8;`¾?PTCHKJ�DFA@Z

�Qnzw�pWv�³Pr�y4nz��qFn�¿¾pWv!�4³P{��¡h�j!mo���!�cn�rts�h"uKv!pWh�wxv!pzy4{_�¡h!¸ÀuFp��£�@��m#��²��#�@Áa�¾{Â© ����w	mC��Ãi�¥���"�&v�¸

[�XP]

^_8�Ä�8;Ä2GcS�<&X�Å

gih�w��£v!�;h!kMlÆh&�!�£vÀ�Qnzw�pWv!�;v!¸Çy
~�uzn@mopzj�h�wxv!pzy�{¡���@��mF¸�v��Pw�l\�&�e{Q�5r�h!pzk¶v&w£w	mzn�j4��k¥kImz{ÇÈ��É�&���"�!�

ÊtËÍÌ�Î_Ï�ÊtÐ9Î

Ñ �PTWDFAKÒ�[!VCGe<&XPT�<�Ó�Ô�ÕiTCVC[!AKT�EªDFAKDa<��PVC[�GIX�D@]�[!VÆE¾[�Ò�D@deD@X�Y�VCJ�T���DFV1EªDFD@XºÖ"Õ2×QXPSÉ[�X�]#Ô!Ø�ØÇX�S
E3GeVCJ9VCJ�D\:=[!ACB9°C°C°5Ä2VWD@dIdI[!A�°$X�VWDFACÓ¥DFAC<&S�DFVWDFA'<&XU:=<&?�X�V�Ù�GIdcTW<&XML�X�D@[!A'Ú�[�TC[�]�D@X�[2L ¦ Ri8!RaX�Y&?�dc[!A
]PGI[�S�DFVWDFAKTaE¾DFACD�]�DFVWDFAKSUGIX�D@]=��f#Û�VWVCGIX�YÍ[�?�X�GeÓ¥<�AKSÇÜ	]PGITWB�S�<�]�D@d�VW<�VCJ�D9Ò�GcTCGe�PGIdcGeV	f�[�S�ÝPdIGIVC?�]�D
Ò�DFA�TC?�TUÝPAC<�¨6D@HoVWD@]Þ�P[�TWD@dIGcX�DºdeD@X�Y�VCJM8�b3[�deÓ�VCJ�D¬[�X�Y&?�dI[!AÀ]PGI[�S�DFVWDFAKTU]�DFVWDFAKSUGIX�D@]Þ[!VÍÔ!Ø�Ø®X�S
JP[@Ò�D9Ó�<�AKSÀ[�d�DFACAC<�A�T�TCSU[�dcdeDFA\VCJ�[�Xß×ÂÝ�DFAKHoD@X�VF8\à�GISi��Ü	]�[!AKB�D@X�D@]#[�X�Y&?�dc[!A3]�GI[�SUDFVWDFAKTFLPDoá�D@HoVCGeÒ�D
VWD@SUÝ�DFA�[!VC?�ACD@T'[�X�]�TK?�ACÓ�[�HoDÆ��AKGeY&J�VCX�D@TCTWD@T�E¾DFACD\]�DFVWDFA�SUGIX�D@]ÇÓ¥<�A'VCJ�D@TWD\TCVC[!AKT'[�X�]ÇACD@dc[!VCGe<&X�TCJ�GIÝPT
��DFV1EªDFD@XßVCJ�D@TWDÍÝP[!AK[�S�DFVWDFA�Ti[!ACDÍÝ�ACD@TWD@X�VWD@]M8=Ä2HF[!VWVWDFA�GIX�VCJ�D@TWDÀACD@dc[!VCGe<&X�TCJ�GIÝPTQGIT_dc[!ACY�DFA_VCJ�[�X
E¾<&?�dI]â��D�Doã2Ý�D@HoVWD@]âÓ¥AC<&SäVCJ�D=SUD@[�TC?�ACD@S�D@X�VÀ?�XPHoDFACVC[�GIX�VCGeD@TF8)Ù�D¬[!AKY&?�D#VCJ�[!VUVCJPGIT�TCHF[!VWVWDFA
GcTUX�<�VU]�?�DºVW<å[�XÞ?�X�]�DFACD@TWVCGISU[!VWDº<�ÓaVCJ�D=[�X�Y&?�dI[!AU]�GI[�SUDFVWDFAÀDFACAC<�A�TFæÆE�J�DFVCJ�DFAÍGeVUGIT�]�?�DºVW<

çxè4é�êxëÆì$êxíïî3ðKñ�ò ó4ôöõoì$êx÷£ôïñxôöì6÷5ø�ù!ðKú6ì¡û�ì6÷£ìWðKêxú	ü�ý�÷£÷£éFú6ôþðKñxôöézó"ÿ���������ø@ñ��;ø
	
ÿ�	�ð�÷£ü4ôöó
��ñxé�ó��������������
� è4é�êxëÆì$êxíïî�ò��!ø�����ðWõ�ð�í�����÷£ì$êxõ�ðKñxéKê£îFÿ�������� ��ð�÷£÷xðKú1ü"!�÷£ì1ñ£ñx÷ ý�õoì��#�$	
ÿ%	Çð�÷£ü4ôþó%��ñxé�ó&���'������(��
) è4é�êxëÆì$êxíïî3ðKñ$��ðWõ�ð�í&û�ì6÷£ìWðKêxú	ü+*�ð���é�ê	ðCñxé�ê£îFÿ
�
�����,� õoì$êxíöéFé�-�ý�õoì6ó"!�ì'ø�.�ÿ"	Çð�÷£ü�ôöó%��ñxézó"ÿ/���'������0��



� � �

Ý;J�<�VW<&S�DFVWAKGIHaDFACAK<�AKT¾<�A\GITªGcX"VWAKGcX�TCGIHÆVW<�VCJ�DaAKD@dI[!VCGe<&X�TCJPGeÝÍGIT¾?�X�AKD@TW<&deÒ�D@]M8¡O\J�DQ[!Y�ACDFD@SUD@X"VÆE�GIVCJ
<�VCJ�DFA�<��PTWDFAKÒ�[!VCGe<&XPTÆ<�Ó5VCJ�D_TC[�S�DÂTWVC[!A�T�[!V\VCJ�DÂTK[�S�DÂE�[@Ò�D@deD@X�Y�VCJPT�GITÆY�<�<2]Mæ�VCJ�DÂE�Gc]�VCJt<�Ó5VCJ�D
]PG¶á�DFAKD@X�HoD�]�GITCVWAKGe�P?�VCGI<&X3GIT�Ho<&S�ÝP[!AK[!�PdID'VW<�VCJ�[!V�D@TWVCGISU[!VWD@]iÓ�AK<&S VCJ�D'DFACAK<�A��P[!AKT@L��P?�V�VCJ�D'E�GIX�Y&T
<�Ó�VCJ�D9]PGITWVWAKGe�;?�VCGe<&Xº[!ACDÇdI[!ACY�DFA�VCJ�[�X���[�?�TCTKGI[�XM8 ¦ <&S�ÝP[!AKGITC<&X#E�GeVCJ GIX�Ó¥AK[!ACD@]=S�D@[�TC?�ACD@SUD@X"VCT
GcTÂS�<�ACDÍÝ�AC<��PdeD@SÀ[!VCGIH!æ GcX�]�GITC[!Y�AKDFD@S�D@X"V_E�GeVCJ�S�<2]�D@dIT@L�Ho<�<&dIDFAiTWVC[!AKT9[!Ý�Ý�D@[!A_TWf2TWVWD@SU[!VCGcHF[�dIdef
TKSU[�dIdeDFA\GIX�VCJ�D_X�D@[!AWÜ	GIX�Ó�AK[!AKD@]ÍVCJP[�X#Doã2Ý�D@HoVWD@]�æ�E¾[!A�S�DFA�TWVC[!AKT�dI[!ACY�DFA@8

�P��u��FmKq@w�r2mCh"�!�����!n���TCVC[!AKT	�¡Ó�?�X�]�[�S�D@X�VC[�dMÝP[!A�[�S�DFVWDFAKT�
 TWVC[!AKT	�'[!VCS�<&TCÝPJ�DFACD@T

��
 ����������������� �!���

:=D@[�TC?�A�GIX�Y®[�X�Y&?PdI[!At]PGI[�S�DFVWDFAKTtGITÀX�D@HoD@TCTC[!ACfâÓ¥<�A�?�X�]�DFAKTCVC[�X�]�GIX�Y
VCJ�D Ó�?�X�]�[�S�D@X�VC[�d\ÝPAC<�Ý�DFACVCGeD@TU<�Ó
TWVC[!AKT@8'R3XÍGIS�Ý�<�ACVC[�X�V�[!Ý�ÝPdIGcHF[!VCGe<&XUGIT'GcXUVCJ�Da]�GeACD@HoV�]�DFVWDFAKSUGIX�[!VCGI<&X�<�ÓMDoá�D@HoVCGIÒ�D3VWD@S�Ý�DFAK[!VC?�ACD@TF8�Ä�VWD@dIdI[!A¾[!V6Ü
S�<&TWÝ;J�DFACD\S�<2]�D@dIT'[!AKD�ÝP[!AK[�SUDFVWDFAKGe>FD@]ÀGcXÇVWDFAKSUT'<�ÓMDoá�D@HoVCGeÒ�D3VWD@S�Ý�DFAK[!VC?�ACD�L�ACD�"�?PGeAKGIX�YQ[�XÀD@S�ÝPGeAKGcHF[�d�]�DFVWDFAWÜ
SUGIXP[!VCGe<&XÂ<�Ó;Doá�D@HoVCGeÒ�D�VWD@S�Ý�DFAK[!VC?�ACD@T Ó�<�A�[�]�GeACD@HoV Ho<&S�ÝP[!AKGITC<&X_<�Ó�<��;TWDFACÒ![!VCGe<&X�T VW<�VCJ�DF<�ACf�8'Ä2GIX�HoDªDoã�VWD@X�TKGeÒ�D
]�GI[�SUDFVWDFA_<��PTWDFAKÒ�[!VCGe<&XPT_J�[�Ò�DÀ��DFD@X®dI[�HKB�GcX�Y�L GcX�]�GeACD@HoVQS�DFVCJ�<�]�T_<�ÓÆ]�DFVWDFAKSUGIXPGIX�Y�Doá�D@HoVCGIÒ�DÍVWD@S�Ý�DFAK[!VC?�ACD@T
J�[�Ò�Dt��DFD@Xß?�TWD@]M8 ¦ ?�ACACD@X�VCdef�L�VCJ�DtS�DFVCJ�<2]®<�Ó�H�J�<&GIHoDºGIT_VCJ�DtGcX�Ó�A�[!ACD@]$#P?�ã�SUDFVCJ�<�]åÛ�AKTCVi[�]�Ò�<2HF[!VWD@] ��f
`�dI[�HCB�E¾D@dId&% Ä2JP[�dIdIGIT('6×�)+*�*�,�8

¯'á�D@HoVCGIÒ�D#VWD@S�Ý�DFAK[!VC?�ACD@TÀHF[�X)��D�]PG.-ÀHF?�deV9VW<®]�DFVWDFA�SUGIX�D���D@HF[�?�TWDºVCJ�DFf ACD�"�?�GeAKDÍB2X�<�E3deD@]�Y�D#<�ÓaVCJ�D
��<&de<&S�DFVWAKGcH/#P?�ã¬Ho<�ACACD@HoVWD@]�Ó¥<�AÂGIX�VWDFAKTWVWD@dIdc[!AaDoã2VCGIX�HoVCGI<&XM8i`�[!AKX�D@T0% ¯�Ò�[�XPT1'6×�)+*32+,�TCJ�<4EªD@]�VCJP[!VQVCJ�DFACD�GIT
[tVCGeY&J�VQACD@dI[!VCGe<&X�TKJ�GeÝ=��DFV1EªDFD@X�TK?�ACÓ�[�HoD9�PAKGeY&J�VCX�D@TCT�[�X�] ÝPJ�<�VW<&S�DFVWA�GIHÇHo<&de<�AÂTW<�VCJ�[!VQVCJ�D�SU[!Y&X�GIVC?�]�D�[�X�]
Ho<&de<�A�<�Ó5[9TWVC[!AÆHF[�X���D3?�TCD@]ÍVW<ÇD@TWVCGcSU[!VWDQGeVCTª[�X�Y&?�dI[!A�]�GI[�S�DFVWDFA@8'O�J�D3AKD@]�]�D@X�GIX�Y_HF?�ACÒ�D�GIT�X�D@[!AKdef�Ý;[!AK[�dIdeD@d
VW<UVCJ�GcTÆACD@dI[!VCGe<&XPTCJ�GeÝºTW<UVCJP[!V�[�HFHF?�AK[!VWDiDoã�VCGIXPHoVCGe<&X#Ho<�ACACD@HoVCGI<&X�T�[!ACDiX�<�V\ACD�"�?�GeACD@]�Ó¥<�A�D@TCVCGISU[!VCGIX�YU[�X�Y&?�dI[!A
]�GI[�SUDFVWDFAKTF8'^\D@HoD@X�VCdef�L;VCJ�DFACD_J�[�T\��DFD@X=GIX"VWDFAKD@TWV\GIX�VCJ�GIT\VWD@HKJ�X�G4"�?�DQÓ¥<�A�HF[�dIGI��AK[!VCGIX�YÇVCJ�D ¦ DFÝPJ�D@GI]�]�GcTWVC[�X�HoD
TCHF[�deD5'�½�<&?�"�?76D8%9��GIDFACD@X�×�)�)+*�,�8

RaX�<�VCJ�DFAÍX�DFD@] Ó�<�AÍJ�GeY&J:"�?P[�dIGeV	fß[�X�Y&?�dI[!AU]PGI[�S�DFVWDFAÀS�D@[�TK?�ACD@S�D@X�VCTUGIT�[�TU[
VWD@TCVU<�ÓaSU<�]�D@dÆTCVWD@dIdI[!A
[!VCS�<&TWÝ;J�DFACD@TF8�O\J�D@TCDtS�<2]�D@dITi[!ACDºX�<�AKSU[�dcdef�?�TWD@]åVW< ÝPACD@]�GIHoV9TWVWD@dIdI[!AÇTWÝ�D@HoVWAK[2L'[�X�] [�deVCJ�<&?�Y&J®VCJ�DFfß[!ACD
TW<&dIGc]�def��P[�TWD@]¬<&X
VCJ�DÇdI[@E�Ta<�Ó'Ý;J"f2TCGIHFTFL�VCJ�DÇS�<2]�D@dITaHo<&X"VC[�GIX
D@X�<&?�Y&J
[!Ý�Ý�AC<�ã2GISÀ[!VCGe<&X�T;'¥D�8ïY�8ÂHo<&X"Ò�D@HoVCGe<&X�L
Doã2VWD@X�]�D@]�[!VCS�<&TWÝPJ�DFACD@T�[�X�]ÍTCÝ�<�VCT<,'[�X�]ÍD@X�<&?�Y&JÍÝ�<�<�A�def�B�X�<�E�XÍÝPJ�f�TCGcHF[�d�ÝP[!AK[�SUDFVWDFAKT('¥D�8ïY�8�<�ÝP[�HFGeV1f�L�dIGIX�D
TWVWACD@X�Y�VCJ�T=,3VCJ�[!VQVCJ�DFf
[!ACD�Doá�D@HoVCGeÒ�D@def Û�V�VW<#VCJ�D�TWVWD@dIdc[!AÂTWÝ�D@HoVWAK[�VCJ�DFf
[!ACDÇVWACf�GcX�Y�VW<ºÝ�ACD@]�GIHoVF89Ù GeVCJ
VCJ�D
]�[!VC[�Ý�AKD@TWD@X"VWD@]®J�DFACD�L�E¾D�ÛPX�[�dIdIf#J�[@Ò�DUD@X�<&?�Y&J�S�D@[�TC?�AKD@]�[�X�Y&?�dI[!AÂ]�Gc[�S�DFVWDFAKTQHo<�Ò�DFA�GIX�Y=[�E�Gc]�DiD@X�<&?�Y&J
E�[@Ò�D@deD@X�Y�VCJåAK[�X�Y�D�VW<¬Ý�AC<4Ò�GI]�DÇHo<&XPTWVWAK[�GIX�VCTÂ<&X�VCJ�DUS�<�]�D@d'[!VCS�<&TWÝPJ�DFACD@TQVCJ�AC<&?�Y&J�VCJ�D@GeAÂdIGcS_��Ü	]P[!ACB�D@X�GIX�Y
Ý�ACD@]PGIHoVCGe<&X�TF85R3T E¾DªE�GcdId&TWDFD�dI[!VWDFA�GIXÂVCJ�GcT�ÝP[!Ý�DFA@L�VCJ�D¾<��PTWDFACÒ![!VCGe<&X�T [!ACD�X�<�V D@X"VCGeAKD@defQHo<&X�TCGITWVWD@X�V E�GeVCJÂVCJ�<&TWD
Ý�ACD@]PGIHoVCGe<&X�TFL;[�deVCJ�<&?�Y&J¬VCJ�DÇ]�GITCHoACDFÝ;[�X�HFGeD@T�[!AKD9TCSÀ[�dId�D@X�<&?�Y&J¬VCJP[!VaGeVaSU[@f¬TWVCGIdId���DiÝ�<&TCTCGe�PdIDQVW<t[!VWVWAKGI�P?�VWD
VCJ�D@S*VW<ÀVCJ�DÂ<��PTWDFAKÒ�[!VCGe<&XPT\GeÓ5TCf�TWVWD@SÀ[!VCGIHQDoá�D@HoVCT3[!ACDidI[!ACY�DFA\VCJ�[�X#VCJ�DFfº[!Ý�Ý�D@[!A@8

:=<&TWVºD@S�Ý;GeAKGIHF[�d�[�X�Y&?�dc[!A#]�GI[�S�DFVWDFA#]�[!VC[ÞJ�[@Ò�D®Ho<&SUD�GIX TCSU[�dId�TWDFVCT@8 7�G¶á�DFACD@X�V#TWDFVCTºE¾DFACD�<�Ó¥VWD@X
<���VC[�GIX�D@]ÞE�GIVCJâ]�G¶á�DFACD@X�VÀ<��PTWDFAKÒ�[!VCGe<&XP[�d�VWD@H�J�X�G>"�?�D@TÀTC<åVCJ�[!V�]�GeAKD@HoVÀHo<&S�ÝP[!AKGcTW<&X�Tt[!ACD¬]�G>-ÀHF?�deVF8 :=<�ACD
GIS�Ý�<�ACVC[�X�VCdef�L\VCJ�D¬ÝP?��PdIGITCJ�D@]â]�GI[�S�DFVWDFA�TÍE¾DFACD <���VC[�GIX�D@] [!VºTWDFÒ�DFAK[�d�E�[@Ò�D@dID@X�Y�VCJ�TFL�[�X�] ]�[!VC[ßVC[!B�D@X [!V



� � �

]�G¶á�DFACD@X�ViE�[@Ò�D@dID@X�Y�VCJ�T�HF[�X ��DtHo<&SUÝP[!ACD@]ß<&X�def®GIÓÆVCJ�DºdIGISi�å]�[!ACB�D@XPGIX�Y�L¡<�A�[!V�deD@[�TWV�GeVCT9Ò�[!A�GI[!VCGe<&XåE�GeVCJ
E�[@Ò�D@deD@X�Y�VCJ GcTÀB2X�<�E3XM8-O\J�DFACD¬[!ACD Ò�DFACfâÓ¥DFE ]�GeACD@HoVÍ<��PTWDFACÒ![!VCGe<&X�TÍ<�Ó_dIGISi� ]P[!ACB�D@X�GIX�Yå<�AÍVWD@TCVCT�<�Ó_GeVCT
E�[@Ò�D@deD@X�Y�VCJ ]�DFÝ�D@X�]�D@XPHoD�8

Ù�D9Ý�ACD@TCD@X"V ��� Øt[�X�Y&?�dc[!A3]�GI[�SUDFVWDFAaS�D@[�TK?�ACD@S�D@X�VCT�<�Ó�Ô�ÕÀTWVC[!AKT3<���VC[�GIX�D@]=��DFV	E¾DFD@Xå×�)�Ô�Ôt[�X�]å×�)�)!Ø2L
ACDFÝ�AKD@TWD@X"VCGcX�Y�<&X�D�<�Ó;VCJ�DÆdI[!AKY�D@TWV'TCGIX�Y&dID¾Ho<&dIdID@HoVCGe<&X�T <�Ó�]PGeACD@HoVCdef_SUD@[�TC?�ACD@]ÇTWVWD@dIdc[!A'[�X�Y&?�dI[!A¡]�GI[�SUDFVWDFAKTF8�O\J�D
<��PTWDFAKÒ�[!VCGe<&XPT�EªDFACDUSÀ[�]�DU[!V����åÔ!Ø�Ø2L Õ�Õ!Ø2L¡Õ!Ø�Øº[�X�]
Ö"Õ2×UXPSºL�[�dIde<4E�GIX�Y�?�T�VW<#S�D@[�TK?�ACD�VCJ�D�E�[@Ò�D@deD@X�Y�VCJ
]�DFÝ�D@X�]�D@XPHoD�<�Ó9dIGcS_� ]�[!AKB�D@X�GIX�Y)VCJ�AK<&?�Y&J VCJ�D�Ò2GITCGe�;deD�8 Ù�D®Ho<&S�ÝP[!ACD®<�VCJ�DFA=<��PTCDFACÒ�[!VCGI<&X�T#[!V¬TKGISUGIdI[!A
E�[@Ò�D@deD@X�Y�VCJPT�Ó¥<�A�Ho<&X�TCGcTWVWD@X�Hof�[�X�]º��DFV	E¾DFD@X#E�[@Ò�D@deD@X�Y�VCJ�T\VW<ÀTCVC?�]�f�dIGISi��]P[!ACB�D@X�GIX�Y�8

O�J�GIT\Ý;[!Ý�DFA�GIX�Ho<�AKÝ�<�A�[!VWD@T3S�<&TCV3<�Ó'VCJ�D9TWVWD@dcdI[!Aa]PGI[�S�DFVWDFAKTaS�D@[�TC?�AKD@]=E�GIVCJ=VCJ�D�:¬[!ACB#°C°C°zLPGIXPHFdI?�]�GIX�Y
VCJ�Dt]�[!VC[=Ó¥AC<&S :#<�>@?�AKB�DFE�GIHKJåDFVÇ[�d£8�'6×�)�)2×�,�8 °1V9]�<�D@T_X�<�V9GIX�HFdI?�]�DU]�[!VC[=Ó¥<�A9:¬GeAK[ 'x��?�GeAKACD@X"�;[�HKJ�DFVÇ[�d£8
×�)�) � ,�LªHF[!AK��<&XßTWVC[!AKT 'x��?PGeACACD@X��P[�HKJåDFVÇ[�d£8¾×�)�)�Ö&[ ,�L�[�X�]åACD@]åY&GI[�X"VCT9<��PTCDFACÒ�D@] GIXå[ O\G Ñ �P[�X�]å[�X�]ßVCJ�D
[�]�¨C[�HoD@X"V�Ho<&X�VCGIX�?P?�S 'x��?PGeACACD@X��P[�HKJÞDFVt[�dx83×�)�) � ,�8 ½ GcX�[�dIdef�L¾EªD
J�[�Ò�D X�<ßX�DFE <��;TWDFACÒ![!VCGe<&X�TÍ<�Ó�� Ñ AKG
'£:=<�>@?�ACB�DFE�GIH�J#DFV�[�dx8�×�)�)2×�,�L�TW<Í]�<�EªDiX�<�VÆACDFÝ�D@[!V\VCJ�[!V\AKD@TC?�deVÆJ�DFACD�8

��
 �	��

� ����� ��� ����


O�J�D�:¬[!ACBÍ°C°C°ªÄ�VWD@dIdc[!Aª°6X"VWDFAKÓ�DFAC<&SUDFVWDFA\E¾[�T�[�¨W<&GIX"V�Ý�AK<�¨6D@HoV�<�Ó�VCJ�DQ­a[@Ò![�dM^\D@TWD@[!A�HKJ#à5[!��<�A�[!VW<�ACf�L�VCJ�D
�QÄ�­3[�Ò�[�d Ñ �PTCDFACÒ�[!VW<�AKf�L�VCJ�D9Ä2SÀGeVCJ�TW<&X�Gc[�XtRaTWVWAC<�Ý;J"f2TCGIHF[�d Ñ �PTWDFACÒ![!VW<�ACf�LP[�X�]¬:#°6OQLP[�X�]#E¾[�T3de<�HF[!VWD@]=<&X
:=<&?�X"V�Ù�GIdcTW<&XML&X�D@[!A�Ú�[�TC[�]�D@X�[2L ¦ [�dcGeÓ�<�A�X�GI[ 'xÄ�J�[!<ÂDFV'[�d£8�×�)�Ô�Ô![ ,�8¾O\J�D\:=[!AKB9°K°C°�E�[�T']�D@TCGeY&X�D@]ÇÝ�AKGISU[!A�GIdef
Ó¥<�A5E�Gc]�D�[�X�Y&deD�[�TWVWAC<&SUDFVWACf�L&[�X�]9Ho<&X�TCGITWVWD@]9GIX�GIVCGI[�dIdef3<�Ó�VCJ�ACDFDÆÕ4Ü	HFS [!Ý�DFAKVC?�ACD@T�?PTWD@]iGcXÂÝP[�GeA�TFL4E3GeVCJÂ�P[�TCD@dIGIX�D
deD@X�Y�VCJPTÆ<�Ó¾× � S�DFVWDFAKTF8�½�GeA�TWV\TWVWD@dIdI[!A�Ó�AKGcX�Y�D@T�E�GeVCJ�VCJ�D@TCD_[�TWVWAC<&S�DFVWA�GIH�D@deD@S�D@X�VCT\E¾DFACD_]�DFVWD@HoVWD@] GIX�×�)�Ô�2�8

RadeVCJ�<&?�Y&J
VCJ�D�Ó¥?PX�]�[�S�D@X�VC[�d¡S�D@[�TC?�AKD@S�D@X"V_Ó�<�A_[�TCVWAC<&S�DFVWACf
GITQVCJ�D�Ó¥AKGIX�Y�DÇ]�D@dI[@f�L5Ò�GITKGe�PGIdIGIV	f$'¥Ó�A�GIX�Y�D ,
[�S�ÝPdcGeVC?�]�D�S�D@[�TC?�AKD@S�D@X"VCT�EªDFAKD_[�dITW<UTC?PHFHoD@TCTWÓ�?�d£L2ÝP[!ACVCGIHF?PdI[!AKdefUÓ¥<�A�]�DFVWDFA�SUGIX�GIX�Yi�PGcX�[!ACfÍTCVC[!A�TWDFÝP[!AK[!VCGI<&X�T
[�X�]�TWVWD@dIdI[!At[�X�Y&?�dI[!A�]�GI[�SUDFVWDFAKTF8 °6X ×�)�Ô�Ô�L3V	E¾< [�]P]�GeVCGe<&X�[�d�[!Ý�DFAKVC?�ACD@TÍ<&X [åÒ�[!A�GI[!�PdeD=dID@X�Y�VCJâ�P[�TCD@dIGIX�D
' � Ø#�;[�TWD@dIGIX�DUdID@X�Y�VCJ�TQÓ¥AC<&S � VW< � ×!8þÕ#S5,aEªDFAKDÍ[�]�]�D@]�L5GIX�VWD@X�]�D@]�Doã�HFdI?�TKGeÒ�D@def=Ó¥<�A_VCJ�D@TWDÀÒ2GITCGe�;GIdIGeV1f#S�D@[�Ü
TC?�AKD@S�D@X"VCT@8ÇRadId�<�Ó¾VCJ�DU<��PTCDFACÒ�[!VCGI<&X�T�Ý�ACD@TWD@X�VWD@]�J�DFAKD�EªDFACDÀ<���VC[�GIX�D@]
E�GIVCJ
VCJ�D�Ò�[!A�GI[!�PdeDÇ�P[�TWD@dcGIX�D�8ÇO\J�D
:¬[!ACB�°C°C°�E�[�T\]�D@Ho<&SÀSUGITCTCGI<&X�D@]ºGIXº7aD@HoD@S_��DFA9×�)�) � 8

O�J�Da:¬[!ACBU°C°K° ?�TCD@]Í[9]�D@dI[�fUS�<�]P?�dI[!VCGe<&XÀVWD@HKJ�X�G4"�?�D3Ó�<�A�]�DFVWD@HoVCGIX�Y9[�X�]ÍVWAK[�HKB�GIX�YiÓ¥AKGIX�Y�D@T@8�O�J�D�S�<2]2Ü
?�dI[!VCGI<&XÍE�[�TÆ<&X�DQE�[@Ò�D@dID@X�Y�VCJ=GIX�[�S�Ý;dIGeVC?�]�D�æ�ÝPJ�<�VW<&X=Ho<&?�X"VCT\EªDFACDQAKD@Ho<�AK]�D@]ºGIX�Ó¥<&?�A "�?P[!ACVWDFAWÜxE�[@Ò�D@deD@X�Y�VCJ
�PGIXPT�[�X�]Ç?�TWD@]iVW<Q]�DFVWDFAKSUGcX�DªVCJ�D¾T "�?�[!ACD¾<�Ó�VCJ�D�Ó¥AKGIX�Y�DªÒ�GcTCGe�PGIdcGeV	f�[�S�ÝPdIGIVC?�]�D�L��i±�L�VCJ�D¾Ó¥?PX�]�[�S�D@X�VC[�d�]P[!VC?�S
Ó¥<�Ai]�DFVWDFAKSÀGIX�GIX�Y#TCVWD@dIdI[!AiH�J�[!AK[�HoVWDFAKGcTWVCGIHFTiE�GeVCJ�[¬TCGIX�Y&deDoÜx�;[�TWD@dIGIX�DÇ<�Ý�VCGcHF[�d�GIX�VWDFACÓ¥DFAC<&S�DFVWDFA@8 Ñ �;TWDFACÒ![!VCGe<&X�T
E¾DFACDtSÀ[�]�DtTKGISi?PdeVC[�X�DF<&?�TCdIf GIXåÓ¥<&?�Ai�;[�X�]�TFL�[=�PAC<&[�]®�;[�X�] '���� *�Ø�Ø
X�SºL������ � Ø�Ø
X�S ,ÂÓ�<�A9Ó¥AKGIX�Y�D
VWAK[�HKB�GIX�Yt[�X�] VCJ�AKDFD9X�[!AKAC<�E '������ � Ø�� � ÕtX�S ,�Û;deVWDFAKT3Ó�<�AQTCHFGeD@XPHoD9]�[!VC[28Q½�<�AÂ[�dcd�<�Ó'VCJ�Di<��PTCDFACÒ�[!VCGI<&X�T
ACDFÝ�<�ACVWD@]#J�DFACD�L�VCJ�D_TCHFGID@X�HoDQ�P[�X�]�TÆJP[�]#HoD@X"VWDFAaE�[@Ò�D@deD@X�Y�VCJPT\<�Ó'Ô!Ø�Ø2L�Õ�Õ!Ø2L�[�X�]�D@GeVCJ�DFA3Õ!Ø�ØÀ<�A\Ö"Õ2×_XPSº8

O�J�DÆ]�[!VC[Q]�D@TCHoAKGI��D@]9GIX9VCJ�GIT�Ý;[!Ý�DFA¡Ho<&X�TKGITWV�<�Ó�SU<�ACDÆVCJ�[�Xº×@Õ!Ø�Ø�ØQÒ2GITCGe�;GIdIGeV1f�[�SUÝPdIGeVC?�]�D¾S�D@[�TK?�ACD@S�D@X�VCT
<���VC[�GIX�D@]â]�?�AKGcX�Y)× � � X�GeY&J�VCT���DFV	E¾DFD@X ×�)�Ô�ÔßÄ�DFÝPVWD@S_��DFA=×�*�[�X�] ×�)�)!Ø Ñ HoVW<���DFA¬×@Õ�8 R V1f�Ý;GIHF[�d\X�GeY&J�V
Ho<&X�TCGcTWVWD@]#<�ÓÆ×FØ�ØÍVW< � Ø�ØÀTKHF[�X�TFLPD@[�H�J$*!ÕUTWD@Ho<&X�]PT�de<&X�Y�LPE�GeVCJ�×FØÍVW< � ØÍTWVC[!AKT�GcXºVCJ�D_<��;TWDFACÒ2GIX�YUdIGITCVFL�E�GeVCJ



� Ö �

VCJ�D#VCGcS�D#DFÒ�D@X�def ]�GeÒ2GI]�D@] ��DFV1EªDFD@XÞÝ�AC<�Y�AK[�S TWVC[!AKTÀ[�XP]âHF[�dIGe��A�[!VCGe<&X)TWVC[!AKTF8 O\J�AKDFDºVW<®VWD@XÞTKHF[�X�T�E¾DFACD
<���VC[�GIX�D@]®<&XåD@[�HKJ Ý�AK<�Y�AK[�S TCVC[!A9<&XßD@[�H�JßXPGeY&J"VF8 `¾D@HF[�?�TWDºHKJ�[�X�Y&GIX�Y=�;[�TWD@dIGIX�D@T_ACD�"�?�GeACD@]®Ó�AC<&S V	E¾<
VW<
Ó¥<&?�A�J�<&?�A�TFL2D@[�HKJ X�GeY&J�V � T\]�[!VC[UHo<&X�TKGITWVWD@]º<&X�dIfÀ<�Ó�<��PTWDFACÒ![!VCGe<&X�T\<&X#[UTCGIX�Y&deD��P[�TWD@dIGIX�D�8

O�J�D�Ý�AC<�Y�AK[�S TCVC[!A�<��PTWDFACÒ![!VCGe<&X�TU[!AKD#TC?�SUSU[!A�Ge>FD@] GIX O5[!�PdID�×!8 O�J�D�Û�AKTWV�Ho<&dI?�SÀX)GI]�D@X�VCGeÛ�D@T9VCJ�D
TWVC[!A@8�O\J�DÇHo<&dI?�SÀX¬dI[!��D@deD@]¬7�[@f2TQTCJ�<�E3T�VCJ�DÇX�?�S_��DFAa<�Ó�X�GeY&J�VCT3<&X¬E3J�GIHKJ¬VCJ�DÇTWVC[!A�E¾[�Ta<��PTCDFACÒ�D@]M8�O\J�D
ACD@SU[�GcX�GIX�YÇHo<&dI?�SUXPT\dIGITWVFL2Ó¥<�A\D@[�HKJ¬TWVC[!A@L�VCJ�D_X�?PS_��DFAÆ<�Ó�TCHF[�X�T�[!V�D@[�HKJ¬<�Ó5VCJ�D � Ø��P[�TWD@dIGcX�DQdeD@X�Y�VCJ�TF8

O�J�D']�[!VC[ÆÝ�AKD@TWD@X"VWD@]_J�DFACD¡E¾DFACD'VC[!B�D@X_[�XP]QACD@]�?�HoD@]Q?PTCGIX�Y�VCJ�D¡VWD@H�J�X�G>"�?�D@T�]�GcTCHF?�TCTWD@]���fQ:#<�>@?�AKB�DFE�GIHKJ
DFV�[�d£8�'6×�)�)2×�,�8¾½�<�A3D@[�HKJ TCHF[�XML�E¾D_HF[�dIHF?PdI[!VWD@]ºVCJ�D_[�Ò�DFAK[!Y�D � ± [�X�]=GeVCTÆÓ¥<�AKSU[�d�DFACAC<�A�L�D@TWVCGISU[!VWD@]=Ó�AK<&SµGeVCT
Ò![!AKGI[!VCGe<&X�]�?�A�GIX�YÂVCJ�D�TCHF[�XM8'`¾D@HF[�?�TCDÂS�<&TWVÆGIX�TWVWA�?�S�D@X�VC[�dP[�X�]�[!VCS�<&TWÝ;J�DFAKGIH3Doá�D@HoVCT\��D@Ho<&SUDaS�<�AKD�TCDFÒ�DFACD
[!V_TCJ�<�ACVWDFAÂE�[@Ò�D@deD@X�Y�VCJPTFL�VCJ�DtÔ!Ø�Ø#X�S ]�[!VC[ºE¾DFACDÀHo<&XPTCGITWVWD@X�VCdef VCJ�DUJ�GeY&J�D@TCV "�?�[�dIGIV	f
]�D@TWÝPGeVWDÇVCJ�DUJPGeY&J�DFA
[�X�Y&?�dc[!A\ACD@TW<&dI?�VCGe<&X�[!V�VCJ�DÂTCJ�<�ACVWDFA\E�[@Ò�D@deD@X�Y�VCJPTF8

��
 Ð ��� � ��� � ��� ���

Ñ �PTWDFACÒ![!VCGe<&X�TÆ<�Ó�VCJ�DiHF[�dIGe��AK[!VCGI<&X#TWVC[!AKT�EªDFACDi?�TWD@]#VW<ÀY�D@X�DFAK[!VWDÇ[ÀS9?�deVCGeÝPdcGIHF[!VCGeÒ�D�Ho<�ACACD@HoVCGe<&X¬Ó�<�A3VCJ�D
GIX�TCVWAK?�S�D@X�VC[�d�[�X�]º[!VCS�<&TWÝPJ�DFAKGIH3ACD@]�?�HoVCGe<&X�<�Ó �i±48'O�J�GIT�HF[�dIGe��A�[!VCGe<&XtY�D@X�DFAK[�dIdeftHo<&X�TCGITCVWD@]�<�Ó�VCJ�ACDFDQÝ;[!ACVCT	�
[/"�?�[�]�A�[!VCGIH\]�DFÝ�D@X�]�D@XPHoDÆ<&XU>FD@X�GeVCJÍ[�X�Y&deD�L�[/"�?�[�]�AK[!VCGIH�]�DFÝ�D@X�]�D@X�HoDÆ<&Xt[ÂTWDFD@GIX�YÂÝP[!AK[�S�DFVWDFA�]�DFVWDFAKSÀGIX�D@]
Ó¥AC<&S VCJ�DaGcX"VWDFACÓ¥DFAC<&S�DFVWDFA�L�[�X�]Í[ÇTCdI<�E�def�Ò![!ACf2GIX�Y9Ó¥?PX�HoVCGe<&XÍ<�Ó�VCGIS�D�8'O\J�D3VCGISUDa]�DFÝ�D@X�]�D@X�HoD�E�[�TÆS�<2]�D@deD@]
D@GeVCJ�DFAª[�T�[_dI<�Eâ<�AK]�DFA�Ý�<&def2X�<&SUGI[�d�<�Aª[Â��<�ã2HF[!A¾TCS�<�<�VCJ�GIX�YQÓ�?�X�HoVCGI<&XM8 O�J�D�HF[�dIGe�PAK[!VCGe<&X�TWVC[!AKT�EªDFAKD�HKJ�<&TCD@X
VW<)��D TKSU[�dId£L\AKD@dI[!VCGeÒ�D
VW< VCJ�D
Ý�AC<�Y�AK[�S TWVC[!A�TFL3[�X�] VW<)J�[�Ò�D�AC<&?�Y&J�dIfâVCJ�D�TC[�S�D�TWB�f Ho<4Ò�DFAK[!Y�D�8*O\J�GIT
Ý�AC<2]�?�HoD@]º[�TKGIX�Y&deDÂHF[�dIGI��AK[!VCGe<&XtÓ�?�X�HoVCGe<&X�VCJ�[!V�E¾[�T3?�TWD@]ºÓ¥<�A�[�dIdMTWVC[!A�TÆÓ�<�A3VCJ�DQD@X�VCGeACD_X�GIY&J"VF8

O�J�DÇVWAK?�D�DFACAC<�A�TQEªDFAKDU[�deE¾[�f�TidI[!ACY�DFAQVCJ�[�X�VCJ�D�Ó�<�A�SU[�d�DFACAC<�AKT_]�?�DÇVW<#VCJ�D�Ý�AKD@TWD@X�HoD�<�Ó�?�X�S�<2]�D@deD@]
TWf2TWVWD@SU[!VCGIHFT@8aÙ�DÇD@TWVCGcSU[!VWD@]
VCJ�DÇTCGe>FD9<�Ó'VCJ�GIT3Doá�D@HoV���f=HF[�dIHF?�dc[!VCGIX�YtVCJ�D�� ± Ý�DFA�]�DFY�ACDFDÇ<�Ó'Ó¥ACDFD@]�<&SºL�� ±� L
<�Ó�VCJ�DÇHF[�dcGe��AK[!VCGe<&X TCHF[�X�TaE�GIVCJ¬AKD@TWÝ�D@HoV3VW<ºVCJ�D�HF[�dIGI��AK[!VCGe<&X¬Ó¥?PX�HoVCGe<&XM8�Ù�DU[�]�]�D@]
[�HF[�dIGe�PAK[!VCGe<&X¬DFACAC<�A�VW<
VCJ�D�Ó¥<�AKSU[�d DFACAC<�A�TQGIX "�?�[�]�AK[!VC?�ACD�[�X�]�[�]�¨C?�TWVWD@]
VCJ�DÇHF[�dcGe��AK[!VCGe<&X DFACAK<�AÂ?�X"VCGcd5VCJ�D��5± � <�Ó¾VCJ�DUHF[�dIGI��AK[!VCGe<&X
E�[�T�D�"�?�[�dMVW<Í<&X�D�8ÆO\J�?PT\[ÀTCGcX�Y&deDÂHF[�dIGe�PAK[!VCGe<&X�DFACAC<�A3E¾[�T3D@TWVCGISÀ[!VWD@]#Ó¥<�A�D@[�HKJ
X�GIY&J"V�[�XP]ºE¾[�Ò�D@deD@X�Y�VCJM8\R
V	f�ÝPGIHF[�d�Ò�[�dI?�DQÓ�<�A\VCJ�DiÔ!Ø�ØUX�Sµ]P[!VC[�E¾[�Ti×
	t8

O�J�GIT\HF[�dIGI��AK[!VCGe<&X=Ý�AC<2HoD@]�?�ACDÂSU[!B�D@TaVCJ�DÇGIS�Ý;dIGIHFGeVÆ[�TCTC?PS�Ý�VCGe<&XºVCJP[!Va[�X�f#]�DFY�AK[�]�[!VCGI<&X=<�Ó � ± ]�?�DÂVW<
VCJ�D�[!VCS�<&TWÝPJ�DFACDÍ<�A9VCJ�D�GIX�TWVWA�?�S�D@X�ViGIT_ÝP?�ACD@def�S9?�deVCGeÝ;dIGIHF[!VCGeÒ�D�8=O�J�GITÂ[�TCTK?�S�Ý�VCGe<&XßGITÆ¨W?�TCVCGeÛ�D@]�<&Xß��<�VCJ
VCJ�DF<�ACDFVCGcHF[�dÆ[�X�]ß<��PTWDFACÒ![!VCGe<&X�[�d¾Y�AC<&?�XP]�TF8�O\J�Dt<&X�def�Ý�<�VWD@X�VCGI[�d�TW<&?�AKHoD�<�Ó�[�X)[�]P]�GeVCGeÒ�Dt�PGI[�T9GIT9VCJ�[!V�GIX2Ü
VWAC<2]�?�HoD@]Þ��f)]�DFVWD@HoVCGe<&X TWVC[!VCGcTWVCGIHFTF8 O\J�D¬]�DFVWD@HoVW<�AKTtEªDFAKD=ÝPJ�<�VW<&S9?�deVCGIÝPdIGeDFAÇVC?���D@TU<�Ý�DFAK[!VWD@]�GIX)Ý;J�<�VW<&X
Ho<&?�X�VCGIX�Y�S�<2]�D�83O\J�D_ÝPJ�<�VW<&X
Ho<&?�X�VCT�J�[@Ò�D�[tÚ <&GITCTW<&X
]�GITCVWAKGe�P?�VCGI<&X�Ó�<�A�E�J�GcHKJ#VCJ�Di�PGc[�T3GIT3D@[�TCGIdIf#HF[�dIHF?2Ü
dI[!VWD@]M8ª�Q?�GeACACD@X��P[�H�JÀDFV\[�d£8 '6×�)�)�Ö���,�EªDFACDQ?�XP[!�PdeD�VW<U]�DFVWD@HoV\[�Xº[�]�]�GeVCGeÒ�Da<!áMTWDFV\GIXt<&?�A � ± S�D@[�TK?�ACD@S�D@X�VCT
[�X�]�TCDFVi[�X�?�ÝPÝ�DFAÂdcGISUGeV�<�ÓQ×��ß×FØ�
��"L5TCGeY&XPGeÛPHF[�X�VCdef¬TCSÀ[�dIdeDFAQVCJ�[�Xå[�X"f�S�D@[�TC?�ACD@S�D@X�VÂDFACAC<�AKT/"�?�<�VWD@]åGIX
VCJ�GIT�Ý;[!Ý�DFA�8'O\J�DFACDFÓ¥<�ACD�L�E¾D_HF[�X=TC[!Ó¥D@def�[�TCTC?�SUDQVCJ�[!V�[�]�]�GIVCGeÒ�D�VWDFAKSUT�[!AKDÂX�DFY&dIGeY&Ge�;deD�8



� Õ �

� 
 � ����� � ����� ��� 
	��
 �������
� � ��� � ����� Ï � 
 � � ��
 � �&��� ��� � � ��� � ��� � � 


�&
 � 
 
 ����� ��� �4� 


7aDFVWDFAKSÀGIX�GIX�Ya[�X�Y&?�dI[!A�]�GI[�SUDFVWDFAKT�Ó¥AC<&S VCJ�D¾<��PTWDFACÒ�D@]ÇT "�?�[!ACD@]9Ò2GITCGe�;GIdIGeV1f3[�S�ÝPdcGeVC?�]�D@T�ACD�"�?PGeACD@T�B2X�<4E�d¶Ü
D@]�Y�DU<�Ó�VCJ�DÍTWVC[!A � TÂGIX�VWD@X�TCGIV	f
]�GITWVWAKGI�P?�VCGe<&XM8UÄ2GIXPHoDÇGcX�Y�D@X�DFAK[�d'TCVWD@dIdI[!A_dIGcS_��Ü	]P[!ACB�D@X�GIX�YtÝ�AC<�Û;deD@TQJ�[@Ò�DtX�<�V
��DFD@X#S�D@[�TC?�ACD@]ML�TWVWD@dIdc[!A�S�<2]�D@dITÆS9?�TWV\��DÂ?�TWD@]�VW<t]�DFVWDFAKSUGcX�DQVCJ�D@TWDÂÝPAC<�ÛPdeD@TF8'b3<�E¾DFÒ�DFA@L;Û�VWVCGIX�Y�VCJ�Di]�[!VC[
E�GeVCJ [tdIGISi��Ü	]�[!ACB�D@X�D@] ]�GITCB�SÀG¶ã�D@TaVCJ�DÇ?�X�HoDFAKVC[�GIX"VCGID@T�<�ÓªVCJ�D9SU<�]�D@d5E�GeVCJ¬VCJ�DÇ?�X�HoDFACVC[�GcX"VCGeD@Ta]�?�D9VW<�VCJ�D
]�[!VC[28�O5AK[�]�GeVCGe<&XP[�dIdef VCJ�GITÂÝPAC<��PdeD@S GITiTC<&deÒ�D@]ß��f®?PTCGIX�Y=[ ?�X�GIÓ�<�AKS�Ü	]�GITWB S�<�]�D@d£8¬R3Ó�VWDFA�[ ?�X�GeÓ¥<�AKSÇÜ	]PGITWB
]�GI[�SUDFVWDFA�JP[�T���DFD@X�]�DFVWDFA�SUGIX�D@]ML2GeV�GIT�Ho<&X"Ò�DFAKVWD@]#GIX�VW<Ç[ÇS�<�AKDaAKD@[�dIGITWVCGIH3dIGISi��Ü	]�[!ACB�D@X�D@]Í]�Gc[�S�DFVWDFA@8¡Ù J�D@X
[!Ý�ÝPdcGIHF[!�PdeD�L!VCJ�GIT�[!Ý�ÝPAC<&[�HKJUJP[�T�VCJ�D\[�]�Ò![�X"VC[!Y�D\<�Ó�X�GIHoD@dIf_TWDFÝP[!AK[!VCGcX�Y�VCJ�DÆÛ�V�VW<ÂVCJ�DÆ]�[!VC[2L�D@S_��<2]�GeD@]ÇGIX9VCJ�D
?�X�GIÓ�<�AKS�Ü	]�GITWB9]�GI[�S�DFVWDFA@L�Ó¥AC<&SÉSU<�]�D@d�]�DFÝ�D@X�]�D@X�V�[�TCTK?�S�Ý�VCGe<&XPT�[!��<&?�V¾VCJ�D3dIGcS_�t]�[!ACB�D@X�GIX�Y�L�Ho<&X�VC[�GIX�D@]�GIX
VCJ�DÇdIGISi��Ü	]�[!ACB�D@XPGIX�YÀHo<&X�Ò�DFAKTCGe<&X�8iÄ2GIX�HoD9[�dId�VCJ�DÇ]P[!VC[ÍÝPACD@TWD@X�VWD@] J�DFACD9TK[�S�ÝPdeD9TWÝP[!VCGI[�d5Ó�AKD�"�?�D@XPHFGeD@T�de<�E¾DFA
VCJ�[�X=VCJ�[!V�X�DFD@]�D@]=VW<ÀACD@[�H�J#VCJ�D_Û�AKTWV\>FDFAK<U<�Ó¡VCJ�DÂÒ2GITCGe�;GIdIGeV1f�Ó¥?�XPHoVCGe<&XML�[U?�XPGeÓ�<�A�S*]�GITWBtÛ�VCTÆVCJ�Di]�[!VC[UE¾D@dId
[�X�]ºVCJPGITÆ[!Ý�Ý�AC<&[�H�J=GITÆ[�]�D�"�?�[!VWD_Ó�<�A3VCJ�DÂ]�[!VC[�Ý�AKD@TWD@X"VWD@]¬J�DFACD�8

Ù�DÍÛ�V �i±�[�T9[ºÓ¥?PX�HoVCGe<&X�<�ÓÆÝ�AK<�¨6D@HoVWD@]®�P[�TWD@dIGIX�DUdeD@X�Y�VCJML��tL5?�TCGcX�Y#[=?�XPGeÓ�<�A�SÇÜ	]�GITWB¬S�<�]�D@d¡Ó�<�AiVCJ�D
TWVWD@dIdc[!A\GIX"VWD@XPTCGeV	f�]�GITCVWAKGe�P?�VCGI<&X

� ±�������

� ����� Z '��! #"%$��'& ��,�! �"%$��(& � ����

±
) '6×�,

E�J�DFAKD* #"%$µGITÍVCJ�D�?�X�GIÓ�<�AKS�Ü	]�GITWB [�X�Y&?�dI[!Aº]�Gc[�S�DFVWDFA�<�Ó_VCJ�D
TWVC[!A@8 O�J�D¬Ý;[!AK[�S�DFVWDFA��+�4L3VCJ�D
Ò�GcTCGe�PGIdcGeV	f
[�S�ÝPdcGeVC?�]�DU[!V9>FDFAC<
TWÝP[�HFGIX�Y�L�SU[�f®TWDFD@S S_f2TWVWDFAKGe<&?PTiTCGcX�HoDUVCJ�DÍÒ�GITKGe�PGIdIGIV	f¬[�SUÝPdIGeVC?�]�DUSi?�TCV_��DÀ?�X�GIV	f�[!V
>FDFAC<)�P[�TCD@dIGIX�D�8 °$VºGIT�?�TWD@] VW<âHo<�ACAKD@HoVºÓ�<�Aº<&SUGcTCTCGe<&X�T�GIX�VCJ�D�S�<2]�D@d�[�X�] VW<)Ý�AK<�Ò2GI]�D
[)HKJ�D@HKB <�Ó9VCJ�D
HF[�dIGe�PAK[!VCGe<&XM8 Ñ SÀGITCTCGe<&XPT_GIXßVCJ�DºS�<2]�D@dª<�HFHF?�A�E3J�D@XßVCJ�D�VC[!ACY�DFVUGITÇ[
Ho<&S�Ý�<&X�D@X"V�<�Óa[
S�<�ACD�Doã�VWD@XP]�D@]
TWf2TWVWD@Sº8'½�<�A�Doã�[�S�ÝPdeD�L2VCJ�DaÒ2GITCGe�PGcdIGeV	fi<�Ó�[i�PGIX�[!ACf�TWVC[!A�E�GIVCJÀTWDFÝP[!A�[!VCGe<&X, iE�GIdcd�<&TCHFGIdIdc[!VWDa[�T�TCGIX�' � �! -�(& ��,�L
�P?�V ��D@HF[�?�TWD�<�Ó�VCJ�D�ÛPX�GeVWD¾VWD@S�Ý�<�AK[�d2Ho<&J�DFACD@X�HoDÆ<�Ó;VCJ�D\dIGeY&J�VFL!VCJ�GIT <&TCHFGIdcdI[!VCGe<&X9E�GIdId�]�[�S�ÝÇ<&?�V'[!Ó¥VWDFA¡AC<&?�Y&J�dIf
�.&����
<&TCHFGcdIdI[!VCGe<&X�T@83°$Ó'VCJ�D�TCJ�<�AKVWD@TWV��P[�TWD@dIGIX�DiGIT3VW<�<#dI<&X�YÍVW<ºTC[�SUÝPdeD9VCJ�GIT3<&TCHFGIdIdI[!VCGI<&X=�P?�VaTCJ�<�ACV3D@X�<&?�Y&J
Ó¥<�AaVCJ�D9VC[!AKY�DFV_TWVC[!A�VW<#[!Ý�Ý�D@[!AQ?�X�ACD@TW<&dIÒ�D@]ML;VCJ�D9Ò![!AKGI[!VCGI<&X¬<�Ó � ± E�GeVCJ �P[�TCD@dIGIX�DiE�GIdId5[!Ý�Ý�D@[!AaVW<���D9VCJ�[!V
<�Ó�[ÇTCGIX�Y&deD3TWVC[!AÆE3GeVCJ �+�\AKD@]�?�HoD@]tVW<ÇVCJ�D3Ó¥AK[�HoVCGe<&X�<�Ó�VCJ�D�VW<�VC[�dMdIGeY&J�V�Ó¥AC<&S VCJ�DaTCf�TWVWD@S <�A�GeY&GIX�[!VCGIX�YiGIXÍVCJ�D
VC[!ACY�DFV�TCVC[!A@8�R TCGISUGIdc[!A¾TCGIVC?�[!VCGe<&X�<2HFHF?�AKTÆE�J�D@XtTCVWAK?�HoVC?�ACDQ<�Ó VCJ�DÂTWVC[!A3J�[�TÆV	E¾<U<�A�SU<�ACDÂ]�G¶á�DFACD@X�V�TCÝP[!VCGI[�d
TCHF[�deD@T@æ�[�TWVC[!AQE�GeVCJ
[�HFGeAKHF?�SÀTWVWD@dIdI[!AaD@X"Ò�D@dI<�Ý�DÇ<�AÂ[�X Doã2VWD@X�]�D@]�[!VCS�<&TWÝ;J�DFACDÇE�GeVCJ
[�TCSU[�dId J�<�VQTWÝ�<�VQ[!ACD
Doã�[�S�ÝPdeD@TF8 °$Ó\VCJ�Dt�P[�TWD@dIGIX�D@T_[!ACDºde<&X�Y¬D@X�<&?�Y&JßVW<�TC[�S�ÝPdIDÀ<&X�def�VCJ�DtTCSÀ[�dIdeDFAÇTWVWAK?�HoVC?�AKD�L � � E�GIdId¡��DtVCJ�D
Ó¥AK[�HoVCGe<&Xº<�Ó VCJ�DQVW<�VC[�d�D@SÀGITCTCGe<&Xt<�AKGIY&GIX�[!VCGIX�Y�GIX�VCJ�DÂTCSU[�dIdeDFA\TCVWAK?�HoVC?�ACD�8'R TWD@[!AKH�J#<�Ó VCJ�DÂdIGeVWDFA�[!VC?�ACDQTCJ�<4E�T
VCJ�[!V�[ÀX�?�Si��DFAÆ<�Ó TCVC[!AKT�]�GcTCHF?�TCTWD@]�GIX�VCJPGITÆÝP[!Ý�DFA\[!ACD_SUD@S_��DFAKT�<�Ó��PGIXP[!ACfÀTWVC[!AaTWf�TCVWD@SUTF8

Ù J�D@XQ¨W?�TCV'[�XÀ[�X�Y&?�dc[!A�]�GI[�S�DFVWDFA¾GIT¡Û�V�VW<_VCJ�D�]P[!VC[2L���<�VCJ( #"%$ [�X�]UGeVCTª?�X�HoDFACVC[�GcX"V1fÇ[!AKD3Ho<&X�TWVWA�[�GIX�D@]
Ý�AKGcSU[!AKGIdefÀ��f�VCJ�D9]�[!VC[U<&X¬VCJ�D_de<&X�Y�D@TWV��P[�TCD@dIGIX�D�8�`�?�V�E�J�D@X����_GIT\[�dIde<4EªD@]¬VW<ÀÒ![!ACf�L�TCJ�<�ACV3�P[�TWD@dIGIX�D@T\[!ACD
[�dITW< X�DFD@]�D@]ßX�<�V_<&XPdef
VW< Ho<&X�TCVWAK[�GIX�� � �;?�V_[�dITW<¬VW< Ho<&XPTWVWAK[�GIX/ "%$ 8#°$ViGITiX�<�V9VCJ�DÀAK[�X�Y�DÀ<�Ó\�P[�TCD@dIGIX�D@T
VCJ�[!V_SÀ[!VWVWDFAKTFæ¡GeVQGITQVCJ�D�A�[�X�Y�DU<�Ó¾Ò�GITKGe�PGIdIGIVCGeD@T�TC[�SUÝPdeD@]
��f¬VCJ�<&TCDU�P[�TWD@dIGcX�D@T�VCJ�[!V_]�DFVWDFA�SUGIX�D@T�E�J�DFVCJ�DFA_[
V	E¾<UÝP[!A�[�S�DFVWDFAÆÛ�VÆGIT�E¾D@dId�Ho<&X�TWVWAK[�GIX�D@]M8ªÄ2GIX�HoDaVCJ�DQ[�]�Ò![�X"VC[!Y�D@T�<�Ó5ÛPVWVCGIX�Y ���aE¾DFACDÂX�<�V�Ó¥?PdIdefU[!Ý�Ý�AKD@HFGI[!VWD@]



� 2 �

E�J�D@XÇVCJ�D\]�[!VC[�EªDFAKDÆVC[!B�D@XML�TW<&SUDÆ<�Ó;VCJ�D\TCVC[!AKT']�<ÂX�<�V¡J�[�Ò�D�]�[!VC[ÂHo<4Ò�DFAKGIX�YÂ[_TC? -ÀHFGeD@X�V�AK[�X�Y�DÆ<�Ó�Ò�GcTCGe�PGIdcGeV	f
[�S�ÝPdcGeVC?�]�D@T¾VW<À[�dIdI<�E [�V1Eª<ÍÝP[!AK[�S�DFVWDFA�Û�VF8

O5ACD@[!VCGIX�Y�]P[!VC[t[!VQD@[�H�J�E�[@Ò�D@deD@X�Y�VCJ�Ó�<�AQD@[�H�J�TWVC[!AÂTWDFÝP[!A�[!VWD@def�LMEªDUGc]�D@X"VCGIÛ�D@]å×�*32�]P[!VC[tTCDFVCTQ<�ÓªTC?�ÓcÜ
ÛPHFGeD@X�VCdef "�?�[�dIGIV	f�VW<�Ho<&X�TCVWAK[�GIX ����8®½�<�AUVCJ�D@TWD�<��PTWDFAKÒ�[!VCGe<&XPTFL'V	E¾<!ÜxÝP[!AK[�SUDFVWDFAÀÛ�VCT9VW<�¯ "�?�[!VCGe<&X ×tE¾DFACD
Ý�DFACÓ¥<�AKS�D@]M8�½�<�AÀVCJ�D�ACD@SU[�GIX�GcX�Y=Ö�Ö�]�[!VC[�TCDFVCTFL�<&X�DoÜxÝ;[!AK[�S�DFVWDFAUÛ�VCTÇE¾DFACDº?�TWD@])J�<&dI]�GIX�Y ��� � ×!8ßO\J�D
ACD@TC?PdeVCGIX�Y=]PGI[�S�DFVWDFAKTÇ[!ACDºTCJ�<4E�X GIXßO5[!�PdID � L�Ho<&dI?PSUX�T � VW<$2�8�°6X®VCJ�D�X�Doã�VÇTWD@HoVCGe<&XML�EªD�Doã�[�SUGIX�DtVCJ�D
Û�VWVWD@]ºÒ![�dI?�D@T\<�Ó�� � [�X�]#[!ACY&?�DÂVCJ�[!V\VCJ�GcT�Ý�AC<2HoD@]�?�ACDQGIT ¨C?�TWVCGIÛ�D@]M8

� 
 ��
 � � ��� Ì�� ��� �!����� � 
�� � � � � � � � 


O�J�DÆÒ�[�dc?�D@T¡<�Ó�� � ]�DFVWDFAKSUGIX�D@]ÇÓ�AC<&S VCJ�D\Û�VCTª[!ACD�Ho<&dIdeD@HoVWD@]ÍGIXUO [!�PdeD � [�XP]À]�GITCÝPdI[@f�D@]�[�Tª[ÂJ�GITCVW<�Y�AK[�S
GIXå½ GIY&?�ACD¬×!8 O\J�DÀ]PGITWVWAKGe�;?�VCGe<&X
Ý�D@[!B�T9[!V9VCJ�DÀDoã2Ý�D@HoVWD@]åÒ![�dI?�DÍ<�Ó � � � ×��öØ¬�P?�V9J�[�Ti[¬TCGeY&X�GIÛPHF[�X"ViVC[�GId
VW<�E�[!AK] dI<�E ���!8 Ù�D�GIX"VWDFAKÝ�ACDFVtVCJ�GIT�]�GITWVWA�Ge�P?�VCGe<&XÞ[�Tº[ßHo<&Si�PGIXP[!VCGe<&X�<�Ó_V	E¾<)ÝP[!ACD@X�V�Ý�<�ÝP?�dI[!VCGe<&XPT	�®[
TWf2SUS�DFVWAKGcH_<&X�DÇÝ�D@[!B�D@]�[!V���� � ×��öØ�TCJ�<�E3GIX�YtVCJ�DÇAK[�X�]�<&S DFACAC<�A�Ta[�TKTW<�HFGc[!VWD@]
E�GeVCJ¬<&?�A�D@TWVCGISU[!VWD�<�Ó ���
[�X�]#[UVC[�GId�VW<Àde<4E Ò�[�dc?�D@T\TCJ�<4E�GIX�Y�VCJ�DÂX�DFD@]ºÓ¥<�A�[US�<�ACDiHo<&S�ÝPdIGIHF[!VWD@]=S�<�]�D@d�Ó�<�A�TC<&S�DÂ<�Ó VCJ�D_TWVC[!AKT@8

O5<)VWD@TWV#VCJPGITº[�TCTWDFACVCGI<&XML3E¾D®GI]�D@X"VCGeÛPD@] VCJ�Dâ×�* TWVC[!AKT#GcX <&?�A=TC[�S�ÝPdID E3J�GIHKJ [!ACD®B�X�<4E�X VW<ÞJ�[�Ò�D
Ho<&S�ÝP[�XPGe<&X�T'�;[�TWD@]À<&XÍVCJ�D��C:=?�dIVCG.#P[!Y
	9GI]�D@X�VCGeÛ�DFA�GIXÀVCJ�D3baGeÝ�Ý;[!AKHo<&T ¦ [!VC[�dI<�Y '�×�)�)+*�,�8ª½�<�A�D@[�H�JÍ<�ÓMVCJ�D@TWD
TWVC[!AKT@L;O [!�PdeD � Y&GIÒ�D@T�[�X#D@TCVCGISU[!VWD_<�Ó �+���P[�TWD@]=<&X#E�JP[!V\EªDiHo<&?�dI]#Y&dID@[�X#Ó¥AC<&S*VCJ�D9dIGeVWDFAK[!VC?�AKDÂ[!��<&?�V\VCJ�D
Ho<&S�ÝP[�XPGe<&X�TF8

RadeVCJ�<&?�Y&JiVCJ�D@TWD�D@TWVCGISU[!VWD\[!ACDÆHoAK?P]�D�L&GeV�GIT D@X�Ho<&?�AK[!Y&GIX�YaVW<QTWDFDÆAKD@[�TW<&X�[!�Pdef_Y�<�<2]�[!Y�ACDFD@S�D@X�V¡��DFV	E¾DFD@X
VCJ�DªD@TWVCGISU[!VWD@]i[�X�]_S�D@[�TK?�ACD@]ÂÒ![�dI?�D@T@85O\J�D@TCDªTWVC[!AKT5[!ACDª[�dcTW<3GIXP]�GIHF[!VWD@]ÂGIX_½ GIY&?�ACD�×�E�GeVCJÂJ�[!VCH�J�D@]9TWf�Si��<&dITF8
O\J�DQAKD@SU[�GIX�GIX�Y9de<4E �+�aÝ�<&GcX"V\GIT�� ¦ DFÝ�L�[�Ò�DFACf�Ü	dI?�SUGcX�<&?�T�TC?�Ý�DFACY&GI[�X�V�E�J�GIH�JºSU[@f���DQDoã2Ý�D@HoVWD@]=VW<ÀTCJ�<4E
TCGeY&XPGeÛPHF[�X�V�]�DFÝP[!ACVC?�ACD@T\Ó�AC<&S [�?�X�GeÓ¥<�AKSÇÜ	]�GcTWBÀS�<2]�D@d£8

Ä�GIX�HoD�E¾DÆ[!ACDÆ?�X�[�E¾[!ACD�<�ÓP[�X�f_<�VCJ�DFA �;GIX�[!ACfÂTWf2TWVWD@SUT�GIX9<&?�A�TC[�S�Ý;deD�L�EªD�[!ACD5¨C?�TWVCGeÛ�D@]9J�<&dI]PGIX�Y �+� � ×
E�J�D@Xº]P[!VC[�<&X=TCJ�<�ACVÆ�P[�TWD@dIGcX�D@TÆ[!ACDÂX�<�V�[�Ò�[�GcdI[!�PdeD�8

� 
 ��
 
 � �+� � ��� ��� ����� ��� 
�� ��� � � � 


O�J�DºS�D@]�GI[�Xß<�ÓaVCJ�D �5±�¬Ó�<�A�VCJ�Dº]�Gc[�S�DFVWDFA�Û�VCT�E�[�Tº×!8 � Ø�Ó¥<�A�VCJ�D=Ô!Ø�Ø�X�S ]�[!VC[2L�[�X�] ×!8 ��� Ó¥<�AU[�dId
E�[@Ò�D@deD@X�Y�VCJPTF8 O\JPGITÇ]�DFÝP[!ACVC?�AKDºÓ�AC<&S ?�X�GeV1fåGIS�Ý;dIGeD@TiVCJ�D#Ó¥<�AKSU[�d�DFACAC<�A�T�Ó�<�A �_±�L�]�DFVWDFAKSUGcX�D@] Ó�AK<&SäVCJ�D
#P?�HoVC?P[!VCGe<&X�TÆ<�Ó¡VCJ�D_Ò�GITKGe�PGIdIGIV	fUE�GIVCJ�GIX�D@[�HKJ TCHF[�XML�?�X�]�DFAKD@TWVCGISU[!VWDÂVCJ�DÂVWAK?�DÂDFAKAC<�AKTF8¾Ù�D9Ho<&SUÝ�D@XPTC[!VWD@]#Ó¥<�A
VCJ�GIT_?�X�]�DFACD@TCVCGISU[!VWD���f [�]�]PGIX�Yº[=TWf2TWVWD@SU[!VCGcH�DFACAC<�A@L�����L�GIX�"�?�[�]�AK[!VC?�ACD�E�GeVCJ�VCJ�DUÓ�<�A�SU[�d¡DFACAC<�A_Ó�<�A � ±
[�X�]#[�]!¨W?�TCVCGIX�Y����å?�X"VCGcd � ±�_D�"�?�[�deD@]=?�X�GeV1f�8'O\J�DQÒ![�dI?�D@T�<�Ó����åX�DFD@]�D@]�AK[�X�Y�D@]=Ó�AK<&S*Ø28öØ�×@ÕU[!V3Ô!Ø�ØÍX�S VW<
Ø28öØ!Ö � [!V�Ö"Õ2×_X�Sº8

Ù�DÍVCJ�D@X�D@TWVCGcSU[!VWD@]®VCJ�DÀ]�GI[�S�DFVWDFAi?�X�HoDFACVC[�GIX�V	f
Ó¥<�A_D@[�H�JåTWVC[!A9[�X�]�E�[@Ò�D@deD@X�Y�VCJ®��f�GIX�HoACD@[�TCGcX�YºVCJ�D
[�X�Y&?�dc[!AÀ]�GI[�S�DFVWDFAÍ?�X"VCGcd � ±� GIX�HoACD@[�TCD@])Ó�AK<&S GeVCTUSÀGIX�GIS9?�S Ò�[�dc?�DºVW<®VCJ�D 2�Ô 	äHo<&X�ÛP]�D@X�HoD=deDFÒ�D@d£8 O\J�D



� * �

ACD@TC?PdeVCGIX�Y_]PGI[�S�DFVWDFA�?�X�HoDFACVC[�GIX�VCGeD@TªÓ�<�A�VCJ�DQÔ!Ø�ØÇX�S ]�[!VC[i[!AKD3��DFV	E¾DFD@XºØ28I×
	É[�X�] � 8þÕ 	tL�E�GeVCJÍ[iS�D@]PGI[�XÀ<�Ó
Ø28þÕ 	t8_O�J�D9SUD@]�GI[�X¬DFACAC<�AÂGIX�HoAKD@[�TWD@TaVW<�Ø28 ) 	 [!V_Õ�Õ!Ø�X�S [�X�] VW< � 	 [!V�Ö"Õ2×�X�SºLMTCJ�<4E�GIX�YtAC<&?�Y&JPdefºVCJ�D
Doã2Ý�D@HoVWD@] "�?P[�]�AK[!VCGIHQ]�DFY�A�[�]�[!VCGe<&Xº<�Ó Ý�DFACÓ�<�A�SU[�X�HoDQE�GeVCJ�E�[@Ò�D@dID@X�Y�VCJM8

O�J�DU?�deVCGISÀ[!VWDÇ[�HFHF?�AK[�Hof�<�Ó�VCJ�DÀ:=[!AKB °K°C°3[�X�Y&?PdI[!AÂ]�GI[�S�DFVWDFA�TÂGITÂdIGcSUGeVWD@] ��f
]�<�>FD@X�T_<�Ó¾TCf�TWVWD@SÀ[!VCGIH
Doá�D@HoVCTQ]�GITWVWAKGI�P?�VWD@]���DFV	E¾DFD@X VCJ�D9[!VCSU<&TWÝPJ�DFACD�L�VCJ�DÇGIX�TWVWA�?�S�D@X�VFLP[�X�]¬VCJ�D9]P[!VC[ÀACD@]P?�HoVCGe<&XM8ÆÙ�DÇY&GeÒ�D9V	E¾<
Doã�[�S�ÝPdeD@T�J�DFACD�� '6×�,t7�G¶á�DFACD@X�HoD@TºGIX VCJ�D�TCJ�[!Ý�D <�Ó_VCJ�D�TWVWD@dIdc[!A�TCÝ�D@HoVWA�[åE3GeVCJ�GIXÞVCJ�D
ÛPdeVWDFA��P[�X�]�Ý;[�TCTWD@T
HF[�XßTCJ�GeÓ¥VÂVCJ�DÍDoá�D@HoVCGeÒ�D�E�[@Ò�D@deD@X�Y�VCJ�T9<�ÓÆVCJ�DÀÛPdIVWDFAKT_[�E¾[�f®Ó¥AC<&S VCJ�DÍÒ�[�dc?�D@Ti]�DFVWDFAKSUGIX�D@]�Ó�AC<&S VCJ�DÍÛPdeVWDFA
VWAK[�X�TKSUGITCTCGI<&X)HF?�ACÒ�D@TF8 RaXâDFACAK<�AtGIXâVCJ�D=Doá�D@HoVCGeÒ�D E¾[�Ò�D@deD@X�Y�VCJ ]�GeACD@HoVCdIfß[�á�D@HoVCT�VCJ�D=[�X�Y&?PdI[!AÍ]�Gc[�S�DFVWDFA
]�DFVWDFAKSÀGIX�D@]ºÓ¥AC<&Sµ¯7"�?�[!VCGI<&X�×!8 ' � ,\O\J�DÂdIGcS_��Ü	]P[!ACB�D@X�GIX�Y�Ho<&X�Ò�DFAKTCGe<&X=E¾[�T3]�DFVWDFAKSUGcX�D@]º��f�SÀ[!VCHKJ�GIX�YUVCJ�D
?�X�GIÓ�<�AKS [�X�]ÇdIGISi��Ü	]�[!AKB�D@X�D@]i]PGITWBÂS�<2]�D@dIT�[!V �_± � Ø � � 8 �3TCGcX�Ya]PG¶á�DFAKD@X"V�Ò![�dI?�D@T <�Ó �_±ª[!V¡E3J�GIHKJiVW<ÂSU[!VCH�J
VCJ�DaS�<�]�D@dIT¡ACD@TC?PdeV�GIXÍ]�G¶á�DFACD@X"VªHo<&X"Ò�DFAKTKGe<&X�TF8ªÄ2GcX�HoDÆVCJ�D3]P[!VC[_E¾DFACD�VC[!B�D@Xt<4Ò�DFA�[_AK[�X�Y�Da<�ÓM�P[�TWD@dIGcX�D@TFL&D@[�H�J
E�GeVCJº[À]�G¶á�DFACD@X"VÆÒ![�dI?�DQ<�Ó��_±!L�VCJ�D_dIGISi��Ü	]�[!AKB�D@X�GIX�YÇHo<&X"Ò�DFA�TCGe<&X=GcTÆX�<�V\E¾D@dIdM]�DFÛPX�D@]�8

`¾D@HF[�?�TCDÇSÀ[�X"fº<�Ó'VCJ�D@TWDiDoá�D@HoVCTaY&GeÒ�DÇTWf�TCVWD@SU[!VCGIHiDFACAC<�AKT3<�Ó�[�TaSi?�H�J
[�T3[ÍÓ�DFE VWD@X�VCJ�Ta<�Ó�[ÀÝ�DFAKHoD@X�VFL
E¾DÇJP[@Ò�D�[�TCTC?�SUD@]=VCJ�[!VQX�<tDFACAC<�A�Ta[!AKD9deD@TKT�VCJ�[�X ×
	 [!VQÔ!Ø�ØºX�SºL�×!8ïÖ 	 [!VÂÕ�Õ!Øt[�XP]
Õ!Ø�Ø�X�S [�X�] � 	 [!V
Ö"Õ2×QX�Sº8¡O\J�D�[�]�<�Ý�VWD@]�DFACAC<�AKT�[!ACDQdIGcTWVWD@]ÀE3GeVCJtVCJ�DQ?�X�GeÓ¥<�AKSÇÜ	]�GcTWB9]PGI[�S�DFVWDFAKTÆGIXtO [!�PdeD � L�Ho<&dI?�SUX�T � VW<12�8

� 
 � 
 � ��� ��� 
 ��� � � � � � 
 � � � � ��� � 


½�GeVWVCGcX�YÍ[ÍdIGISi��Ü	]�[!ACB�D@X�D@]¬TWVWD@dIdI[!A3Ý�AC<�ÛPdIDÂE�GeVCJ¬[Í?�XPGeÓ�<�A�SÇÜ	]�GITWBtS�<2]�D@d�ACD@TK?�deVCT�GcX=[�X
?�X�]�DFAKD@TWVCGISU[!VWD
<�Ó¡VCJ�D9]�GI[�S�DFVWDFA3VCJ�[!V3GIXPHoACD@[�TWD@Ta[�T�VCJ�DidIGISi�=]�[!ACB�D@X�GcX�YÀGIX�HoAKD@[�TWD@TF8�Ù�D9?PTWD@]=[ÍSi?�dIVCGeÝPdIGIHF[!VCGIÒ�DQÓ¥[�HoVW<�AaVW<
Ho<&X�Ò�DFACVÂÓ¥AC<&S ?�X�GIÓ�<�AKS�Ü	]�GITWBº]�GI[�SUDFVWDFAKT�VW<=dIGISi��Ü	]�[!AKB�D@X�D@]
]�GI[�S�DFVWDFAKT@89O\JPGITaÓ¥[�HoVW<�AiÒ�[!AKGID@T�Ó�AC<&S TCVC[!AÂVW<
TWVC[!AQ[�X�]=E¾[�T�HF[�dIHF?�dc[!VWD@]=��f#Ho<&S�ÝP[!AKGcX�YÀVCJ�D9Ý�ACD@]PGIHoVWD@]#Ò![!AKGI[!VCGe<&X=<�Ó �_±ÂE�GeVCJ=�P[�TWD@dIGcX�D_deD@X�Y�VCJ¬Ó¥<�A3��<�VCJ
?�X�GIÓ�<�AKS�Ü	]�GITWB#[�X�]®dIGISi��Ü	]�[!ACB�D@X�D@]�]PGITWB¬SU<�]�D@dcTÂ[�X�]�]�DFVWDFA�SUGIX�GIX�YÍVCJ�DÀAK[!VCGe<#<�Ó�]�GI[�S�DFVWDFA�TQACD�"�?�GeACD@]
Ó¥<�A
VCJ�DÍV	E¾<¬Ó�?�X�HoVCGe<&XPTÂVW<
[!Y�ACDFDt[!V9[=Ò![�dI?�DÀ<�Ó � ± � Ø � � 8=R3dIVCJ�<&?�Y&J®GIV_E¾<&?�dI]���DÀSU<�ACDÍ[�HFHF?�A�[!VWDÍVW< Û�V
VCJ�DÇdIGISi��Ü	]�[!ACB�D@X�D@]=S�<2]�D@d ]�GeACD@HoVCdef�VW<�VCJ�DÇ]�[!VC[2L�VCJ�DÇ[!Ý�Ý�AC<&[�H�J¬E¾D�[�]�<�Ý�VWD@] [!Y�ACDFD@T�E�GeVCJ¬VCJ�DÇ]�GeACD@HoV3Û�V
VW<�E�GeVCJPGIXå[ Ó¥DFE*ÝP[!ACVCT�GIX ×FØ�Ø�Ø2L�Y�<�<�] D@X�<&?�Y&J Ó�<�A�VCJ�D#]P[!VC[�GIXßVCJ�GIT9ÝP[!Ý�DFA@8�Ù�D=?PTWD@]ßVCJ�D "�?�[�]�AK[!VCGIH
dIGISi��Ü	]�[!AKB�D@X�GIX�Y=Ho<�D	-ÀHFGeD@X�VCT�Y&GeÒ�D@Xß��f ¦ dc[!ACDFViDFV�[�d£8 '6×�)�)�Õ+,Ç[�XP]ß7�GI[!>oÜ ¦ <�AK]�<�Ò�D@TUDFVÇ[�dx8 '6×�)�)�Õ+,�L¾E�J�GcHKJ
E¾DFACDi]�DFVWDFA�SUGIX�D@]�Ó¥AC<&SµVCJ�D_§Â?�AK?PHo>ÂS�<�]�D@dITF8ªO�J�D@TWDÂ[!ACDiVCJ�DÂ<&X�def�dIGISi��Ü	]�[!AKB�D@X�GIX�Y�HF[�dIHF?�dc[!VCGe<&X�T\?�TCD@]#GIX
VCJ�GIT�Ý;[!Ý�DFA�8

O�J�D=dIGISi��Ü	]�[!AKB�D@X�GIX�Y�Ho<�D	-ÀHFGeD@X�VCT�[!ACD=Y&GeÒ�D@X [�TÍÓ¥?PX�HoVCGe<&X�TÀ<�ÓQDoá�D@HoVCGeÒ�D
VWD@S�Ý�DFAK[!VC?�ACD=[�X�]�TC?�ACÓ�[�HoD
Y�AK[�Ò�GeV1f�L�E�J�GIdeDtVCJ�D#<��;TWDFACÒ![!VCGe<&X�[�dÆ]�[!VC[�[!AKD=GIX VWDFAKSUTU<�Ó3ÝPJ�<�VW<&S�DFVWAKGIHºHo<&de<�A�TU[�X�]âdI?PSUGIX�<&TCGIV	f®HFdI[�TKTWD@TF8
O\J�D\dc?�SUGIX�<&TKGeV	f_HFdc[�TCTWD@T¡E¾DFACD\VC[!B�D@XÍÓ�AK<&S¢VCJ�D\`¾AKGeY&J�V¾Ä�VC[!A ¦ [!VC[�de<�Y5'�b3<��UD@GeV�×�)�)!Ø ,'[�X�]�VCJ�D�ÝPJ�<�VW<&S�DFVWACf
Ó¥AC<&S N�<&J�XPTW<&XßDFVU[�d£8 '6×�)�2�2+,�8âO\J�D�Ho<&X"Ò�DFAKTKGe<&X)��DFV	E¾DFD@X)VCJ�D@TWD�V1Eª<®TCÝP[�HoD@T�E�[�TÇÝ�DFAKÓ�<�AKSUD@]ß?PTCGIX�Y VCJ�D
VC[!�PdeD@TaGIX¬Ä2VWAK[�Ge>Ff2T '6×�)�) � ,�8�O\J�D_[�]�<�ÝPVWD@]=ÝPJ�<�VW<&S�DFVWAKGIHi[�X�]=TWÝ�D@HoVWAC<&TKHo<�ÝPGIHÂ]�[!VC[ÍÓ¥<�A�VCJ�D@TWDÇTWVC[!AKTa[!Ý�Ý�D@[!A
GIX)O [!�PdeDºÖ�8ÞO�J�DºD�"�?P[!VCGe<&XâHo<&X�Ò�DFACVCGIX�Y®dcGIS_��Ü	]�[!ACB�D@X�GIX�Y Ho<�D	-ÀHFGeD@X�VCTÀ[�X�]Þ[�X�Y&?�dI[!AU]�Gc[�S�DFVWDFAUVW< � ± GIT
Y&GeÒ�D@XÀ��f 'x��?�GIACACD@X��P[�HKJ�DFVª[�d£8P×�)�)�2+,�8'Ù�D�Ho<�ACACD@HoVWD@]ÍVCJ�D�X�<�A�SU[�dIGe>@[!VCGe<&XÇ<�ÓMVCJ�D@GeA�¯ "�?�[!VCGe<&X � VW<_Y&GeÒ�D3?�X�GeV
Ò2GITCGe�PGcdIGeV	fU[�SUÝPdIGeVC?�]�Da[!V\>FDFAK<ÀTWÝP[�HFGIX�Y�8

½�GeY&?�ACD � TCJ�<�E3TÆVCJ�DQÒ![!AKGI[!VCGe<&X�<�Ó VCJ�DÂdIGISi��Ü	]�[!AKB�D@X�GIX�Y9Ho<&X"Ò�DFAKTKGe<&XºÓ�[�HoVW<�A3[�T\[ÇÓ�?�X�HoVCGe<&Xt<�Ó�Ho<&de<�A\Ó¥<�A



� Ô �

Ó¥<&?�AÂE�[@Ò�D@deD@X�Y�VCJPTÂÓ¥<�AÂY&GI[�X�VCT_[�X�]�SU[�GcX�TWD�"�?�D@X�HoDÀTWVC[!AKT@8UO\J�D�Ó�[�HoVW<�AKTÂÓ¥<�A_TC?�Ý�DFACY&Gc[�X"VCTQ[!ACDÍX�<�VÂTCJ�<4E�XM8
O\J�D�TC?�Ý�DFACY&Gc[�X"V�Ho<�D	-ÍHFGeD@X"VCT'Y&GeÒ�D@XÇ��f ¦ dI[!ACDFV DFV'[�d£8�'6×�)�)�Õ+,�[�X�]Ç7�GI[!>oÜ ¦ <�A�]�<�Ò�D@T�DFV�[�dx8 '6×�)�)�Õ+,¡Y&GeÒ�D�Ó¥[�HoVW<�A�T
VCJ�[!V\Ó¥<&dIde<4E VCJ�<&TWDi<�Ó�VCJ�DÂY&GI[�X�VCT '¥Doã�HoDFÝ�V�Ó¥<�A\VCJ�DiHo<�<&deD@TCV3TWVC[!AKT�[!VaÔ!Ø�ØÀXPS ,�L��P?�VÆVCJ�D@TWD_Ho<�D	-ÀHFGeD@X�VCT\E¾DFACD
HF[�dIHF?�dc[!VWD@]ºÓ�<�A�ÝPdI[�X�D�ÝP[!AK[�dcdeD@d�[!VCS�<&TWÝPJ�DFAKD@TF8�R TC?�Ý�DFACY&GI[�X�V � T�Doã�VWD@XP]�D@]#[!VCS�<&TWÝ;J�DFACDQE¾<&?�dI]ºGIX�HoAKD@[�TWDQVCJ�D
dIGISi�®]�[!AKB�D@X�GIX�Y�L�[�deVCJ�<&?�Y&JåGeV_GITiX�<�V_<���Ò2Ge<&?�T_J�<�E GeVÂE¾<&?�dI]�[�á�D@HoVÇVCJ�DÀE�[@Ò�D@deD@X�Y�VCJß]�DFÝ�D@XP]�D@X�HoD�8�O\J�D
� 8 � ��SÉHo<&X�Ò�DFAKTCGI<&X�TÆ[!ACD�GIX�HFdI?�]�D@]UGIXÍVCJ�D3ÛPY&?�ACD�L2TCGIX�HoD3EªD�E�GIdcd���D3Ho<&S�ÝP[!A�GIX�Y9<&?�Aª<��;TWDFACÒ![!VCGe<&X�T¾VW<iVCJ�<&TWD
Ó¥AC<&SµGIX�Ó¥AK[!ACD@]�GIX�VWDFACÓ¥DFAC<&S�DFVWDFAKT@8

Ñ ?�A�Ô!Ø�Ø�X�S ]�[!VC[\[!ACD'<�Ó�J�GIY&J�DFA "�?P[�dIGeV	faVCJ�[�XQVCJ�D�TCJ�<�ACVWDFA�E¾[�Ò�D@deD@X�Y�VCJ9]�[!VC[2L�[�X�]QVCJ�D'dIGcS_��Ü	]P[!ACB�D@X�GIX�Y
Ho<&X�Ò�DFAKTCGe<&X¬Ó¥[�HoVW<�A�Ta[!AKD9TCSÀ[�dIdeD@TWV�[!VaVCJ�[!VaE¾[�Ò�D@deD@X�Y�VCJM8QÄ2SU[�dIdIDFA\Ó¥[�HoVW<�A�TaGcS�ÝPdef�[ÍTKSU[�dIdeDFA�H�J�[�X�HoDÇ<�Ó'TWf2T6Ü
VWD@SU[!VCGIH�DFAKAC<�AKTF8'RaTÆ[9ACD@TC?�deVFL2E¾DQHF[�dIHF?�dI[!VWD@]�VCJ�DQdIGcS_��Ü	]P[!ACB�D@X�D@]t]�GI[�S�DFVWDFAKTÆ]PGeACD@HoVCdefUÓ¥AC<&S VCJ�DÂS�D@[�TK?�ACD@]
Ô!Ø�ØÀXPS*?�X�GeÓ¥<�AKSÇÜ	]�GcTWBU]�GI[�S�DFVWDFA�TÆAK[!VCJ�DFA\VCJP[�X#Ý�DFACÓ¥<�AKS [UdeD@[�TWV�T "�?�[!AKD@TÆÛ�VÆVW<À[�dId�VCJ�D_]�[!VC[28

� 
 Ð �.� � ���3� 
�� ��� � ��� � ��� � � � � 
�� � ��� � �!� � 


���;w	mo��nz�¥w�y����Pw	mop��@mopWv!¸ÀmFw	mopF�'ba[�X��P?�ACfQ`¾AC<�E3XÂDFV�[�d£8 '6×�)+*4Ö ,�<��;TWDFACÒ�D@]ÂD@[!A�def�V	f�Ý�DªTWVC[!AKT�GcXQVCJ�D�TW<&?�VCJ�DFAKX
J�D@SUGcTWÝPJ�DFACD�E�J�DFACD@[�T¾E¾D3Ý�A�GISU[!AKGIdIfi<��PTCDFACÒ�D@]�Ho<�<&deDFAÆTWVC[!A�TªGIXÍVCJ�D�X�<�ACVCJ�DFA�XÍJ�D@SÀGITWÝPJ�DFAKD�8 O\J�DFACD3[!ACD�Ó¥<&?�A
TWVC[!AKT�GIX Ho<&SUS�<&XM8 O\J�D@GeAÍ<��PTWDFACÒ![!VCGe<&X�TÍE¾DFACD [!VtÖ"Õ2×
X�SºLÆVCJ�D¬E¾[�Ò�D@deD@X�Y�VCJ E�J�DFACD=<&?�A�]�[!VC[ßGITtdeD@[�TWV
[�HFHF?�AK[!VWD�8ÆO\J�D_Ho<&S�ÝP[!AKGcTW<&X#GIT\TKJ�<�E�X=GIX#O [!�PdeDiÕ�8�O\J�DÂ[!Y�ACDFD@SUD@X"V�GIT\TCGcSUGIdI[!A�E�J�DFVCJ�DFA�E¾D_Ho<&S�ÝP[!ACDiVCJ�D
Ö"Õ2×QX�S ?�X�GeÓ¥<�AKSÇÜ	]PGITWBÇ]�GI[�S�DFVWDFAKT¾<�AÆVCJ�D�dIGISi��Ü	]�[!AKB�D@X�D@]Í]PGI[�S�DFVWDFAKTF8¡°6XÍVCJ�DQdIGISi��Ü	]�[!ACB�D@X�D@]ÍHo<&S�ÝP[!AKGcTW<&XML
VCJ�DÂ]�Gc[�S�DFVWDFAKTÆ<�Ó VCJ�ACDFDÂTWVC[!A�T�[!ACDÂGIXº[!Y�AKDFD@S�D@X"V3VW<���DFVWVWDFA�VCJ�[�X�VCJ�D_Doã�Ý�D@HoVWD@]ºDFACAK<�AKTFæ�<&X�D_TCVC[!A�]�DFÒ2GI[!VWD@T
��f � 8 � TWVC[�X�]P[!AK]º]�DFÒ2GI[!VCGe<&X�T�GIXtVCJ�DQ]�GeAKD@HoVCGe<&Xt<�Ó�VCJ�DÂ:¬[!ACBÍ°K°C°�]�GI[�SUDFVWDFA¾��D@GIX�Y9dI[!AKY�DFA@8'O\J�DQHo<&S�ÝP[!A�GITW<&X
<�Ó�VCJ�DÇ?PX�GeÓ¥<�AKSÇÜ	]�GITCB�]PGI[�S�DFVWDFAKT�TCJ�<4E ]�G¶á�DFACD@X�HoD@Ta<�ÓªØ28 2�L¾×!8öØ2L�×!8I×!L�[�X�] � 8 � TWVC[�XP]�[!AK]
]�DFÒ2GI[!VCGe<&X�TF8iO\J�GIT
deDFÒ�D@d¾<�Ó�[!Y�ACDFD@SUD@X"V�GIS�Ý;dIGeD@TÂVCJP[!Vi<&?�A�HFdI[�GcS�D@]�DFACAK<�AKTÇ[!ACDtX�<�ViE�GcdI]�def
GIX�Ho<�ACAKD@HoVFL¡�P?�V_Ý�DFAKJP[!ÝPTiTKdIGeY&J�VCdef
?�X�]�DFACD@TWVCGISU[!VWD@]�8 O\J�D3TWVC[!A¾E�GeVCJÀVCJ�D3dI[!AKY�D@TWVª]�DFÒ2GI[!VCGe<&X�L �
R "�d£L2GITª[ÂÓ�[�TWV�AC<�VC[!VW<�A�8'Ò�[�Xt`¾D@dIdeD\DFV�[�d�' � Ø�Ø�×�,
S�D@[�TC?�ACD@])[�X <��PdI[!VWD@X�D@TKTUdI[!ACY�D�D@X�<&?�Y&JâVW<�Ý�AC<2]�?�HoD�[
VWD@X)Ý�DFAKHoD@X"VÇÒ![!AKGI[!VCGe<&X)GcXßSUD@[�TC?�ACD@])]�Gc[�S�DFVWDFA@L
]�DFÝ�D@X�]�GcX�Yi<&X#VCJ�DÂ<�AKGeD@X�VC[!VCGe<&Xº<�Ó�VCJ�DQ�;[�TWD@dIGIX�D�8

~Æw¥r�mop�«�h!p��	�
�
�Q�!�£h!¸ÀmFw	mFpKnF�ªO�J�DFACD�[!ACDQVCJ�ACDFD�Ý�ACDFÒ2Ge<&?�T¾TWDFVCT�<�Ó TWVWD@dIdI[!AÆ[�X�Y&?�dc[!A�]PGI[�S�DFVWDFAKT¾Ó¥AC<&S VCJ�D
:¬[!ACB#°C°C°z8;O�J�DiD@dIDFÒ�D@X TCVC[!AKTQGIX Ho<&SUS�<&X E�GeVCJ
:#<�>@?�ACB�DFE�GIH�J¬DFVQ[�d£8 '6×�)�)2×�,�[!ACD9V	f�ÝPGIHF[�dcdef#GIX [!Y�ACDFD@S�D@X�V
VW<ÇE�GeVCJ�GcXU[9Ó�DFE VWD@X�VCJ�T¾<�Ó�[ÇTWVC[�X�]�[!AK]t]�DFÒ2GI[!VCGe<&XM8¡O\JPGITªGcTªX�<�V�TC?�AKÝ�AKGITCGcX�YQ��D@HF[�?�TWDaVCJ�DaTK[�S�DaGcX�TWVWAK?�SUD@X"V
[�X�]t<��PTWDFAKÒ�GIX�YiVWD@H�J�X�G>"�?�D@T¾EªDFAKDÂ?�TWD@]�GIXÍ��<�VCJtÝP?��PdIGIHF[!VCGe<&XPTª[�X�]tVCJ�D�D@[!AKdcGeDFAÆ]�[!VC[9EªDFACDQGIXPHFdI?�]�D@]tGIXÍVCJ�GIT
E¾<�ACB;8

¯ª[!AKdIGeDFAa]�[!VC[ÍÓ�AC<&S ba?�VWVWDFA�DFV�[�dx8�'6×�)�Ô�)+,3E¾DFACDi<��PVC[�GIX�D@] [!V(2+*4Ö�X�Sº8 Ñ Ó¡VCJ�D�× � TCVC[!AKT�GIX=Ho<&SUSU<&XML
VCJ�D#S�D@]PGI[�X ]�DFÒ�Gc[!VCGe<&X <�Ó3VCJ�D#dIGISi��Ü	]�[!ACB�D@X�D@]ß[�X�Y&?�dc[!AU]�GI[�S�DFVWDFAKT�GcT � 8 � ��8âO\J�D�<&dI]�DFAUS�D@[�TK?�ACD@S�D@X�VCT
Y&GeÒ�D=TCf�TWVWD@SÀ[!VCGIHF[�dIdef)dI[!ACY�DFAt[�X�Y&?�dI[!AÍ]�GI[�S�DFVWDFAKT@8 O\J�D@TCD#]�[!VC[�E¾DFACD=VC[!B�D@X ��DFÓ�<�AKDºEªD ?�X�]�DFAKTCVW<�<2] VCJ�D
HF[�dIGe�PAK[!VCGe<&Xt<�Ó�VCJ�DÂTWf2TWVWD@Sº8ª:=<�ACDÂGIS�Ý�<�ACVC[�X�VCdef�L�VCJ�DÂ]P[!VC[ÇEªDFACD_VC[!B�D@X=?�TCGcX�YÇ�P[�TWD@dIGIX�D@T¾GcX�VCJ�DQAK[�X�Y�DQ<�Ó'Ô
VW<�× � S�DFVWDFA�TF8 Ñ ?�A�Doã�Ý�DFAKGID@X�HoD�GITaVCJ�[!VÂ<��PTWDFAKÒ�GIX�YÍE�GIVCJ�S�<�ACDÇ�P[�TWD@dIGcX�D@TFLM<�AÂ[!V_deD@[�TCV�[ºdc[!ACY�DFAÂAK[�X�Y�D�<�Ó
�P[�TWD@dcGIX�D@TFL�GIT_X�D@HoD@TCTC[!ACf�GeÓªEªDÍ[!ACDUVW<=?�XP]�DFAKTWVC[�X�]
VCJ�DUTWf�TCVWD@SU[!VCGIHFT_GcX�VCJ�DU]�[!VC[28tO\J�D@TWDUHo<&SUSUD@X"VCT9[!ACD
[�dITW<=VWAK?�DUÓ¥<�A_VCJ�DÀ<��PTWDFACÒ![!VCGe<&X�TiGIX®Ä2J�[!<#DFV9[�d£87'6×�)�Ô�Ô���,ÂE�J�DFAKDU[�dId¡Ó¥<&?�A_<�Ó�VCJ�DÀTCVC[!AKTÂE¾DFACDÀAKDFÝ�<�AKVWD@]�VW<



� ) �

J�[�Ò�DiTWf2TWVWD@SU[!VCGIHF[�dcdeftdc[!ACY�DFA�[�X�Y&?�dc[!A\]�GI[�S�DFVWDFAKT\VCJ�[�XºVCJ�<&TWD_EªDÂ<��PVC[�GIX#GIX�VCJ�GcT�Eª<�ACB�8

ga�Q~ �o��­�<�A�]�Y�ACD@XQDFV�[�dx8 '6×�)�)�)+,MÝ;?��PdIGITKJ�D@]�[\X�?�Si��DFAM<�Ó2?PX�GeÓ¥<�AKSÇÜ	]�GITCB\]�GI[�S�DFVWDFAKT�Ó�AC<&S VCJ�D�­aÚ Ñ °�[�X�]
TC[�Eâ[QTWf�TCVWD@SU[!VCGIH�<!áMTWDFV¡��DFV	E¾DFD@X�VCJ�<&TWDÆ]�GI[�SUDFVWDFAKT¡[�X�]9VCJ�D�:¬[!ACB_°C°K°�]�GI[�S�DFVWDFA�TF8 ­3<�AK]�Y�AKD@XÇDFV�[�dx8 ' � Ø�Ø�×�,
<��PTWDFAKÒ�D@]=[�]�]�GIVCGe<&X�[�dMTWVC[!AKTa[�X�]#GcX�HFdI?�]�D@]ºdcGIS_��Ü	]�[!ACB�D@X�GIX�Y9Ho<&X�Ò�DFAKTCGe<&XPT�VW<t[�HFHo<&?�X"V3Ó�<�A3VCJ�Di]PG¶á�DFAKD@X�HoDÂGIX
S�D@[�XºE�[@Ò�D@dID@X�Y�VCJ=��DFV1EªDFD@X=VCJ�DÂV	E¾<ÍGcX�TWVWAK?�SUD@X"VCTF8¡O\J�DFft]�Gc]ÍVCJ�D@GeA\<�E3X#Ho<&X"Ò�DFA�TCGe<&X#Ó¥<�A�dIGcS_��Ü	]P[!ACB�D@X�GIX�Y
TWVC[!ACVCGcX�Y_Ó¥AC<&S VCJ�Da:¬[!ACB�°C°C°�?�X�GeÓ¥<�AKSÇÜ	]PGITWBi]PGI[�S�DFVWDFAKTF8 ¦ <&SUÝP[!AKGIX�YQVCJ�D3­aÚ Ñ °¡dIGISi��Ü	]�[!AKB�D@X�D@]U]�GI[�SUDFVWDFAKT
[�X�]ÍDFACAC<�AKTªÓ¥AC<&S VCJP[!VªÝP[!Ý�DFA�[�X�]UVCJ�DadIGcS_��Ü	]P[!ACB�D@X�D@]À]PGI[�S�DFVWDFAKT¾[�X�]ÍDFACAC<�AKTªACDFÝ�<�ACVWD@]tJ�DFACD�L�EªD�TWDFDaY�<�<2]
[!Y�ACDFD@S�D@X�VFæ¡<�Ó�VCJ�D � )=TWVC[!AKT_GcX�Ho<&SUS�<&X���DFV1EªDFD@XåVCJ�DUV1Eª< ]�[!VC[#TWDFVCTFL¡Õ2×
	 JP[@Ò�DÍ]�DFÒ�GI[!VCGI<&X�TÂdeD@TCTÂVCJ�[�X
× ��LMÔ�) 	 [!Y�ACDFDÇVW<���DFVWVWDFA3VCJP[�X � �ß[�X�] )�Õ 	 [!ACDÇE�GIVCJ�GIX � ��8aO\Eª<�TWVC[!AKTa]�GITC[!Y�AKDFDi��f=S�<�ACD9VCJ�[�X � � �
��� GeA_[!V � �þÕ��Þ[�X�]���7aAK[#[!V � �þÔ���8tÙ�DÀHo<&X�HFdI?P]�D�VCJ�[!V_GIX
Y�D@X�DFAK[�d'VCJ�D@TCDUV	E¾<=GIX�TCVWAK?�S�D@X�VCTQ[!Y�ACDFD�L¡[�X�]
VCJ�D@GeA�DFACAC<�A�D@TCVCGISU[!VWD@Ta[!ACDi[ÀY�<�<2]#ACDFÝPACD@TWD@X�VC[!VCGe<&X#<�Ó¡VCJ�D "�?�[�dcGeV	f�<�Ó¡S�<&TWV3<�Ó¡VCJ�D_]�[!VC[28ÆR�VaVCJ�GITÆVCGISUD�LPGeV
GIT�X�<�V�B2X�<�E�X�GeÓ�VCJ�D�<&?�VCdIGeDFAKT¾ACDFÝPACD@TWD@X�V¾D@dIDFÒ�[!VWD@]�E�GcX�Y&T¾VW<9VCJ�DaDFAKAC<�A\]�GITWVWA�Ge�P?�VCGe<&XPT¡<�A\GeÓ�VCJ�DFft[!ACDQ]�?�DaVW<
GIX�VWAKGIX�TKGIH�Ò![!AKGI[!VCGI<&X�TÆGIX�VCJ�D@TWDiTWVC[!AKTF8

��� ��pWh!pCmC�Ç·'k �&¹9«åmFw¥r�v���no�ªO\J�D@TWD�[�X�Y&?�dc[!Aª]�GI[�SUDFVWDFAKTª[!AKDa]�DFVWDFA�SUGIX�D@]À��fUHo<&S�Ý;[!AKGIX�Yi<��PTWDFACÒ�D@]5#P?2ã2D@T
E�GeVCJåÝ�ACD@]PGIHoVCGe<&X�T_Ó�AC<&S S�<2]�D@d¾[!VCS�<&TWÝPJ�DFACD@TF8�O\J�DFAKDÍ[!ACD�V	E¾<�[!Ý�Ý�AK<&[�HKJ�D@T	�ÍVCJ�D�GIX�Ó¥AK[!ACD@]$#;?2ã®S�DFVCJ�<2]
'¥°6^�½¡: ,5'�`�dI[�HKB�E¾D@dId % à�f2X�[�T6Ü �aAK[�f ×�)�) � æ'`�dI[�HKB�E¾D@dId¾DFV�[�d£8¾×�)�)!Ø ,9?PTWD@T9VCJ�DÍA�[!VCGe<¬<�Ó�VW<�VC[�dÆGIX"VWDFY�A�[!VWD@]
#P?2ãâVW<âÃ�Üx�P[�X�] #P?2ãÞ[�T�[åVWD@S�Ý�DFAK[!VC?�ACD GIX�]�GcHF[!VW<�A@8-`¾D@dId % �Q?�TWVC[!Ó�TCTW<&X '6×�)�Ô�)+,tHo<&S�ÝP[!ACD@]�<��PTCDFACÒ�D@]
ÝPJ�<�VW<&SUDFVWACf¬VW<¬TWf�X�VCJ�DFVCGIHÀHo<&de<�AKTF8�Ù�DÀJP[@Ò�D � � TWVC[!AKTÂGIX�Ho<&SÀS�<&X�E�GeVCJ�`�dI[�HKB�E¾D@dId¡DFVi[�d£8 '6×�)�)!Ø ,�LÆ× � GIX
Ho<&SUS�<&X
E3GeVCJ¬`�dI[�HKB�E¾D@dId % à�f2X�[�T6Ü �aA�[@f '6×�)�) � ,Q[�X�] � ØtGcX¬Ho<&SUSU<&X¬E3GeVCJ¬`¾D@dId % ��?�TCVC[!Ó¥TCTC<&X:'6×�)�Ô�)+,�L
Y&GeÒ2GIX�Y=[¬VW<�VC[�d¾<�Ó3Õ�2¬]�GI[�S�DFVWDFAÇD@TWVCGISÀ[!VWD@Ti<�Ó � � TWVC[!A�TF8¬O\J�D@TWDÍ]�[!VC[ [!ACD�TCJ�<4E�XåGcX®O [!�PdeD52�8�Ä2GIXPHoDÀX�<
DFACAC<�A�TÀ[!ACD "�?�<�VWD@] Ó¥<�AÍVCJ�D@TCD=ACD@TC?PdeVCTFL�VCJ�D¬dc[�TWVÀHo<&dI?�SÀXâ<�ÓÂO [!�PdeD 2�Y&GeÒ�D@TtVCJ�D¬]�Gc[�S�DFVWDFAÍ]�Geá�DFACD@XPHoD=GIX
?�X�GIVCT�<�Ó5VCJ�DÂ:=[!ACBÍ°C°C°¡DFACAK<�A@8'O\J�D�S�D@]�GI[�XÍÓ¥AK[�HoVCGe<&X�[�d�]�G¶á�DFACD@X�HoDa��DFV	E¾DFD@XºVCJ�Da°$^3½¡: D@TWVCGISÀ[!VWD@T\[�X�]tVCJ�D
:¬[!ACBÍ°K°C°'S�D@[�TC?�AKD@S�D@X"VCT�GIT�Ø28 � Ý�DFAKHoD@X"VÆGIXtVCJ�DÂ]PGeACD@HoVCGe<&Xt<�Ó VCJ�DÂ:=[!ACBt°C°C°ª]�GI[�S�DFVWDFAKT¾��D@GIX�YÇdI[!ACY�DFA�8'O\J�D
S�D@]�Gc[�XÍ]�DFÒ2GI[!VCGe<&X�GITa×!8 � ��L2E�GeVCJ 2�Ô 	É<�Ó�VCJ�D�]�GI[�SUDFVWDFAKT�GIXÍ[!Y�AKDFD@S�D@X"VÆVW<ÇE�GIVCJ�GIX=×��þÔ���L;[�X�]5)�Õ 	ÉE3GeVCJ�GIX
Ö
��8�RaT\[ÇE�J�<&dID�L�VCJ�DÂ[!Y�ACDFD@S�D@X�V3GIT�Y�<�<�]=Ho<&X�TCGI]�DFA�GIX�Y_VCJP[!V\VCJ�DÂ?�X�HoDFAKVC[�GIX"VCGID@TÆGIXtVCJ�DÂS�D@[�TC?�AKD@S�D@X"VCT3[!ACD
?�X�]�DFACD@TWVCGISU[!VWD@T@8tÄ�DFÒ�D@X�<�Ó�VCJ�DÍS�D@[�TC?�ACD@SUD@X"VCT9]�G¶á�DFAQ��f�S�<�AKDUVCJ�[�X � �â[�X�]â×�*#]�G¶á�DFAQ��f�S�<�ACDÀVCJ�[�X
� ��8Æ°$Ó�EªDÇSU[!B�DiVCJ�D_ACD@[�TC<&X�[!�PdeD9[�TCTC?�S�ÝPVCGe<&Xº<�Ó � 	µDFACAC<�AKT3GIX#VCJ�Di°$^3½¡: ]�GI[�S�DFVWDFAKT@L�� ±�ÇGIT�ACD@]�?�HoD@]=VW<
×!8

� 
 ��� � ��� � � � Î � � � � � � � ��� � 


O�J�DQDoá�D@HoVCGIÒ�D_VWD@S�Ý�DFAK[!VC?�AKDÂGITÆ]�DFÛPX�D@]���f�VCJ�DQD�"�?�[!VCGe<&X

� � Ö-���
	 ±�� �
���� ) ' � ,

E�J�DFAKD �ÞGcTÂVCJ�DºÄ�VWDFÝPJ�[�X2Ü	`¾<&deVW>@SÀ[�X�X®Ho<&X�TCVC[�X"VF8 R3deVCJ�<&?�Y&JåX�D@GeVCJ�DFA_VCJ�DÍdI?�SÀGIX�<&TCGeV1f�L���L TWVWD@dcdI[!AiA�[�]�GI?�TFL
	2L5X�<�AiVCJ�DUDoá�D@HoVCGeÒ�DtVWD@S�Ý�DFAK[!VC?�ACD�L � 
���� L�[!ACDÀ]�GIACD@HoVCdef <��PTWDFACÒ![!�PdeD�L GeÓ�EªDÀ]PGeÒ�Gc]�DÇ��f
VCJ�DtT "�?P[!ACD�<�ÓÆVCJ�D
]�GITCVC[�X�HoD�L�EªD_<���VC[�GIX

������� � � '� & � , ±�� �
���� ) ' � ,



� ×FØ �

E�J�DFAKD �������#GIT�VCJ�D\GIX"VWDFY�A�[!VWD@]1#P?2ã9[!��<4Ò�D\VCJ�D\¯ª[!ACVCJ � T'[!VCS�<&TCÝPJ�DFACD\[�X�]' QGcT�VCJ�D\dIGISi��Ü	]�[!ACB�D@X�D@]9[�X�Y&?�dI[!A
]�GI[�SUDFVWDFA@8åO\J�D�H�J�[�dIdeD@X�Y�D�GcXßHF[�dcHF?�dI[!VCGIX�Y � 
�� � GcT�X�<�VÇVCJ�Dº<��PTWDFACÒ![!VCGe<&XMæ¾AK[!VCJ�DFA�LªGeV�GITÇ[�HFHo<&?�X�VCGIX�Y�Ó¥<�A
VCJ�D #P?2ã�D@SÀGeVWVWD@] [!V9E�[@Ò�D@dID@X�Y�VCJ�TUX�<�V9ACD@[�]�Gcdef�<��PTWDFACÒ![!�PdeDtÓ¥AC<&S VCJ�DÍY�AK<&?�X�]ML'TWDFVWVCGcX�Y¬VCJ�Dt>FDFAK< Ý�<&GIX�VCT
Ó¥<�AÇHo<&X�Ò�DFACVCGIX�Y�SU[!Y&X�GeVC?�]�D@T_VW< #P?2ã2D@TÇ[�X�] Ho<�ACACD@HoVCGIX�Y VCJ�Dt<��;TWDFACÒ�D@]ßÝPJ�<�VW<&S�DFVWAKf®Ó¥<�AÇGcX"VWDFAKTCVWD@dIdI[!A�[�X�]
[!VCS�<&TWÝ;J�DFAKGIH�Doã2VCGIX�HoVCGe<&X�8

O5<ÍGcX"VWDFY�AK[!VWD9VCJ�D #P?2ãº<�Ò�DFA�VCJ�DiE¾[�Ò�D@deD@X�Y�VCJ AK[�X�Y�DiÓ�AC<&S Ø28 � 2 ��SµVW<
×FØ ��SºL;EªD9?�TWD@]¬N&<&J�X�TW<&Xå×�×
Ho<&de<�A\Ý;J�<�VW<&S�DFVWACf�'£N�<&J�XPTW<&XºDFV\[�d£8�×�)�2�2+,�8�½�<�A3TKJ�<�ACVWDFAÆE�[@Ò�D@deD@X�Y�VCJPTFL Ñ R Ñ Ü � ]�[!VC[UEªDFACDÂ?PTWD@]$' ¦ <2]�DQDFV
[�d£8�×�)�Ô!Ø ,�8aO\J�DÂ°6^�RQÄ�Ý�<&GIX�V�TW<&?�AKHoD_HF[!VC[�de<�Y�E�[�T3?�TCD@]#VW<ÀDoã2VWD@X�]¬VCJ�D_]�[!VC[ÍVW<ÍdI<&X�Y�DFA�E�[@Ò�D@deD@X�Y�VCJ�TFL��P?�V
GIXtX�<ÇHF[�TWD�E¾[�T¾VCJ�DFACDQTCGIY&X�GeÛPHF[�X�V #P?�ãÀ[!V¾VCJ�D@TWD3E�[@Ò�D@dID@X�Y�VCJ�TF8�½�<�AÆE¾[�Ò�D@deD@X�Y�VCJ�T\dI<&X�Y�DFAªVCJP[�XÍÖ&Ø�ØÇX�S#L�E¾D
GIX�VWDFACÝ�<&dI[!VWD@]
��DFV	E¾DFD@X���AK<&[�]��P[�X�] #P?2ã2D@TQ?�TCGcX�Yº[���D@TCVQÛ�VÂÚ�dI[�XPHCB Ó¥?�XPHoVCGe<&XM8Ç½�<�AiTCJ�<�ACVWDFAÂE�[@Ò�D@deD@X�Y�VCJPT
E�J�DFAKD'VCJ�GIT5GIT�X�<�V [\Y�<�<�]i[!Ý�Ý�AC<�ã2GcSU[!VCGe<&XÂVW<3VCJ�DªTKJ�[!Ý�D'<�Ó�VCJ�DªTCÝ�D@HoVWA�?�SºL![\ÝPGeD@HoDFE3GITWD�dIGcX�D@[!A�GIX�VWDFACÝ�<&dI[!VCGe<&X
E�[�T'?�TWD@]�GIXPTWVWD@[�]M8�½�<�AªHo<&X�TKGITWVWD@X�HofiEªD�?PTWD@]ÇVCJ�GIT Ý�AC<2HoD@]�?�AKD¾Ó¥<�A'[�dId�TWVC[!A�T¡DFÒ�D@X�VCJ�<&?�Y&JÀJ�GeY&J�DFA�ACD@TW<&dc?�VCGe<&X
TWÝ�D@HoVWAC<�ÝPJ�<�VW<&S�DFVWACf�GITÂ[�Ò�[�GIdc[!�PdeD�Ó¥<�A_TW<&S�DU<�Ó�VCJ�D@TCDÀTWVC[!AKTF8tRÉHo<&SUÝP[!AKGITW<&X�<�Ó¾VCJP[!VÂÝPJ�<�VW<&S�DFVWAKf VW<=<&?�A
GIX�VWDFY�AK[!VCGe<&X�T�AKDFÒ�D@[�deD@]#[�SU[�ã�GIS9?�S ]�GITCHoACDFÝ;[�X�HofÀ<�Ó5Ö�Ý�DFA�HoD@X"VF8�O�J�D�>FDFAC<�Ý�<&GIX"VCT¾Ó¥<�AÆ<&?�A #P?2ã�TCHF[�deD�E¾DFACD
TWDFVª��fU[�Ò�DFAK[!Y&GIX�Y9VCJ�D � DFY&[9HF[�dIGe�PAK[!VCGe<&X�T¡Ó¥AC<&SÉb3[�f�D@TÆ[�X�]Àà5[!VCJ�[�S '6×�)+*!Õ+,ª[�X�]ÍO5?�YÂDFV¾[�dx8 '6×�)+*�*�,�Ó�<�A¾VCJ�D
Ò2GITCGe�PdIDa[�X�]=?�TCGIX�Y9VCJ�DÂÒ![�dI?�D@T\Ó�AC<&S ¦ <&J�D@X�DFV3[�dx8&'6×�)�) � ,ÆÓ¥<�A\VCJ�DÂGIX�Ó�AK[!AKD@]M8

O�J�DÍS�<&TCV9?�XPHoDFACVC[�GIXåÝP[!ACV9<�Ó\VCJ�DtÝ�AC<2HoD@]�?�ACDtGITiHo<�AKACD@HoVCGIX�Y Ó�<�A�GIX�VWDFAKTWVWD@dcdI[!A_Doã2VCGIX�HoVCGe<&X�8
:=DFVCJ�<2]�T
�P[�TWD@]�<&X®?�TCGcX�Y�VCJ�DUHo<&de<�A_<�Ó¾VCJ�DÀTCVC[!AiTWDFD@S [#dIGeVWVCdeD�HFGeA�HF?�dI[!AÂTCGIXPHoD�EªD�ÝPdc[�X�VW<=?�TWD�VCJ�DÀTCHF[!VWVWDFAÇGIX
VCJ�D
ACD@dI[!VCGI<&X�TCJ�GeÝ®��DFV1EªDFD@X � 
���� [�X�]åHo<&dI<�AÇ[�T�[ S�D@[�TC?�ACDÍ<�Ó3VCJ�D "�?�[�dcGeV	f�<�Ó\VCJ�DtAKD@TC?�deVCTF8
RµS�<�AKDtTWDFA�Ge<&?�T
Ý�AC<��;deD@S E3GeVCJÞVCJ�D@TWD�S�DFVCJ�<2]�T�GITÀVCJ�DFf HF[�X�X�<�Vº]�Geá�DFACD@X�VCGI[!VWD ��DFV	E¾DFD@X HFGeAKHF?�SUTCVWD@dIdI[!AÍ[�XP]�GcX"VWDFAKTCVWD@dIdI[!A
Doã2VCGIX�HoVCGe<&XM8�RaX#Doá�D@HoVCGeÒ�DiVWD@SUÝ�DFA�[!VC?�ACD_HF[�dIHF?PdI[!VCGe<&X=X�DFD@]�T�[�X¬GIX"VWDFY�A�[!VWD@] #P?�ãºHo<�AKACD@HoVWD@]=Ó¥<�A3GcX"VWDFAKTCVWD@dIdI[!A
Doã2VCGIX�HoVCGe<&XÍ�P?�V�X�<�V�Ó¥<�A¾HFGeA�HF?�SUTWVWD@dIdc[!A�[!�PTW<�ACÝPVCGe<&XÀTCGcX�HoD�VCJ�D3D@X�DFACY�fU[!�PTC<�AC��D@]U��fUHFGeAKHF?�SUTCVWD@dIdI[!A�SU[!VWDFA�GI[�d
E�GIdcd;��D�Ý�AC<�Ý�DFAKdIfÍGIX�HFdc?�]�D@]tGIX�VCJ�D_GIX�VWDFY�AK[!VWD@] #P?2ãÍE3J�D@X#GeV\GIT�AKDFAK[�]�GI[!VWD@]#GcX�VCJ�DQVCJ�DFAKSU[�d�GIX�Ó¥AK[!ACD@]M8

RaTÇ[=AKD@TC?�deVFL�E¾DÍ�P[�TCD@]å<&?�AiÒ![�dI?�D@T9<�Ó � Üx�P[�X�]åDoã�VCGcX�HoVCGe<&XML ��� L¡<&X R�AKD@X�<&?®DFV�[�d£8 '6×�)�) � ,�8�O\J�DFf
�PGIXPX�D@]®VCJ�D@GeA�TWVC[!AKT�GIXßY&[�dI[�HoVCGIHºHo<�<�AK]�GcX�[!VWD@T9VCJ�D@X)?�TWD@] SU[!Y&X�GIVC?�]�D@T�[�X�] TWÝ�D@HoVWAC<&TCHo<�Ý;GIHtÝP[!AK[�dIdI[�ã2D@T9VW<
D@TWVCGISÀ[!VWD\Doã�VCGcX�HoVCGe<&XU[�Tª[QÓ¥?PX�HoVCGe<&XÇ<�Ó�]�GITWVC[�X�HoD�E�GeVCJ�GIXiD@[�HKJÍ�PGIX�8�Ù�D3?PTWD@]�VCJ�<&TWD�Ó¥?�XPHoVCGe<&X�T�VW<_]�DFVWDFA�SUGIX�D
VCJ�D#Doã2VCGIX�HoVCGI<&Xâ<�ÓQ<&?�AUÝPAC<�Y�AK[�S TCVC[!AKTF8 O\J�D=SÀ[4¨6<�At]�GITC[�]�Ò![�X�VC[!Y�D=<�Ó�VCJ�GITÍS�DFVCJ�<2]âGITUVCJ�D=Ho<&[!AKTWD@X�D@TKT
<�ÓQVCJ�D¬Y�AKGI]Þ?PTWD@]âVW< ]�DFVWDFAKSUGcX�D#VCJ�D¬Ó¥?�XPHoVCGe<&XM8 Ra]�Ò�[�X�VC[!Y�D@T�GIX�HFdI?P]�D#TWDFÝP[!AK[!VCGI<&XÞ<�ÓÂGIX�VWDFAKTWVWD@dcdI[!AUÓ¥AC<&S
HFGeAKHF?PSUTWVWD@dIdI[!AÇDoã2VCGIX�HoVCGe<&X�L�[�XâGIX�]�DFÝ�D@XP]�D@X�HoDÀ<�ÓaVCJ�DºDoã2VCGIX�HoVCGe<&X)SUD@[�TC?�ACD@S�D@X�V�Ó¥AC<&S Ý�AC<�Ý�DFACVCGeD@T9<�ÓaVCJ�D
TWVC[!A�[�X�]�[�XÞGIX�VWAKGIX�TKGIH�D@TWVCGISU[!VWD¬<�Ó_GeVCTÍ[�HFHF?�AK[�Hof�8-O�J�D � Üx�P[�X�] Doã�VCGIXPHoVCGe<&XÞ?�XPHoDFACVC[�GIX�V	f)AK[�X�Y�D@TÍÓ¥AC<&S
[!��<&?�V3Ø28I×@ÕtSU[!Y&XPGeVC?�]�D@T�Ó�<�AaVCJ�DÇTWVC[!AKT3E�GeVCJ#VCJ�Dide<4EªD@TWVaDoã2VCGIX�HoVCGe<&X¬VW<t[�T�S9?�HKJ [�T�Õ!Ø 	µÓ¥<�AaVCJ�D9JPGeY&J�D@TWV
Doã2VCGIX�HoVCGe<&X�TWVC[!AKT@8¡Ù�DÂ]�D@HoACD@[�TWD@]�VCJ�DQHF[�dIHF?PdI[!VWD@]�Ò�[�dc?�D@T¾<�Ó ��� ��f¬×FØ 	 TKGIX�HoD�R�ACD@X�<&?�DFV�[�dx8�'6×�)�) � ,Æ?�TWD@]
[�X#?�X�?�TC?P[�dIdefÀdI[!AKY�DQÒ�[�dI?�D@TÆÓ�<�A�� � � ��� &�� '�� � �8,�8

`¾D@HF[�?�TCDÀGIX�VWDFAKTWVWD@dIdI[!AQDoã2VCGIX�HoVCGI<&X�Ho<�ACACD@HoVCGe<&X�T_HF[�X�X�<�VQ��DUSU[�]�DÇE�GeVCJ�[�X®?�X�HoDFACVC[�GIX�V	f
TCSU[�dcdeDFA�VCJ�[�X
[tÓ�DFE VWD@X�VCJ�T�<�Ó�[�SU[!Y&X�GeVC?P]�D�L;Ý�DFACÓ¥<�AKSUGcX�YUVCJ�D@TWDÇHo<�ACACD@HoVCGI<&X�T�<&X
de<�E Doã2VCGIX�HoVCGe<&X TW<&?�AKHoD@TaE�GcdId�]�D@HoAKD@[�TWD
VCJ�D�Ý�ACD@HFGcTCGe<&Xå<�Ó�VCJ�D5#P?2ãåSUD@[�TC?�ACD@S�D@X�VCTÇE�GeVCJ�<&?�V9GcS�Ý�AC<4Ò�GIX�Y#VCJ�D@GeA�[�HFHF?�AK[�Hof�8 :#<&TCV�<�Ó�VCJ�DºTWVC[!AKT9E¾D
<��PTWDFAKÒ�D@]#Ó�[�dId�GIXºVCJPGIT�HF[!VWDFY�<�ACf�83O\J�DFfº[!ACDÂ��A�GeY&J"V3[�X�]#HFde<&TWD�L�[�X�]ºVCJ�DFACDiGIT�[�dIS�<&TWVaX�<UDoã2VCGIX�HoVCGe<&XºE3GeVCJ�GIX
×FØ�ØtÝMHÂ<�Ó'VCJ�DÇTC?�X�8�Ù�D�[!Ý�ÝPdIGID@]=X�<ÍDoã�VCGIXPHoVCGe<&X¬Ho<�AKACD@HoVCGe<&X
Ó¥<�AaTWVC[!A�T3E3GeVCJ�GIX�×FØ�ØtÝMHÂ<�Ó�VCJ�D9TK?�X¬[�XP]=Ó¥<�A



� ×�× �

TWVC[!AKTªE�GeVCJÀ[�XÀD@TWVCGcSU[!VWD@] ��� � Ø � � SU[!Y&XPGeVC?�]�D@TF8�O5<iVCJ�D3Û�Ó¥VWDFD@XÀTWVC[!AKTªVW<9E�J�GIH�J�EªD�[!Ý�ÝPdcGeD@]�Ho<�ACACD@HoVCGe<&XPTFL
VCJ�D_[�]�<�Ý�VWD@]ºÒ![�dI?�D@TÆ<�Ó � � [�X�]�VCJ�D@GeA3?�X�HoDFACVC[�GIX�VCGeD@T\[!AKDQÝ�ACD@TWD@X�VWD@]=GIXºO [!�PdeD *�8

O�J�DÀDoá�D@HoVCGeÒ�DºVWD@S�Ý�DFAK[!VC?�AKD@T9[!AKDÍÝ�AKD@TWD@X"VWD@] GIXåVCJ�D�dI[�TWVÇHo<&dI?�SUXå<�Ó3O [!�PdeDÍÖ�[�X�]å[!AKD�TKJ�<�E�Xß[�T�[
Ó�?�X�HoVCGe<&X¬<�Ó '�� ���$,�GIX
½ GIY&?�ACD � 8i½�<�AQVCJ�D�Ho<�<&d¡TWVC[!AKTFLMVCJ�D9AKD@dI[!VCGe<&X�TCJPGeÝ=��DFV	E¾DFD@X � 
���� [�X�] '�� ���$,
GIT�VCGeY&J�VF8*½�<�A=E�[!AKS TWVC[!A�TFL�VCJ�D�TC?�Ý�DFACY&GI[�X�VCT�[!ACD®TCJ�<�E�X E�GIVCJ�TCf�TWVWD@SÀ[!VCGIHF[�dIdef J�GeY&J�DFA�VWD@S�Ý�DFAK[!VC?�ACD@TF8
�aX�Ó�<�AKVC?�X�[!VWD@def�L�VCJ�DÇÓ�<&?�AaGISUÝPdIGIHF[!VWD@]¬TC?�Ý�DFACY&GI[�X�VCT '�ba^_×FØ�×�*�L�ba^_×�2!Ø&Õ�L5b3^ *�*3)�2�[�X�]¬ba^ *3) � Ö ,a[�dcd5J�[�Ò�D
dI[!ACY�D_Doã�VCGIXPHoVCGe<&X�TFL�[�X�]#VCJ�DFACDÂ[!ACD_HFdc[�GISUT\GIX�VCJ�DÂdIGeVWDFAK[!VC?�AKDQÓ�<�A�TKGeY&X�GeÛPHF[�X�VCdeftde<�E¾DFA�Doã2VCGIX�HoVCGe<&XPT�Ó�<�A3VCJ�ACDFD
<�Ó�VCJ�D@TWDºTWVC[!AKT '¥Ù�D@deV1fåDFV�[�d£8 � Ø�Ø�×!æ7�aAK[�f:% ­a[!ÝPGeDFA � Ø�Ø�×�,�8):#<�ACDF<4Ò�DFA@L�GeÓ\E¾D�[�TKTC?�S�DtVCJ�DºTWVC[!AKT�J�[�Ò�D
>FDFAC<ÍDoã�VCGIXPHoVCGe<&XML�VCJ�D_�PGeÓ�?�AKHF[!VCGe<&X�<�Ó�VCJ�DiACD@dI[!VCGe<&X�TKJ�GeÝ�Ó�<�A3VCJ�DÂ�Pdc?�DÂTWVC[!AKT3]�GITC[!Ý�Ý�D@[!AKT@8'Ù�J�D@X#E¾D_GIS�Ý�<&TWD
X�<ÇDoã2VCGIX�HoVCGe<&X�Ho<�ACACD@HoVCGI<&X�TFL�<&X�defÍb3^aÔ � ×�2�]�DFÒ2GI[!VWD@TÆTCGeY&X�GIÛPHF[�X"VCdIf�Ó�AC<&S*[ÇTCGcX�Y&deDaÓ¥?�XPHoVCGe<&Xt<�Ó � 
���� Ò�DFAKTK?�T
'�� ���$,�8_Ù�D�E�GIdcd�deD@[�Ò�DUVCJ�D�]�DFVWDFAKSUGcX�[!VCGe<&X¬<�Ó�VCJ�D�ACD@[�dcGeV	f#<�ÓªVCJ�GITa�PGeÓ�?�AKHF[!VCGI<&X=VW<º<�VCJ�DFA�TQ[�X�]
?�TWDÇVCJ�D
Doã2VCGIX�HoVCGe<&X�SUD@[�TC?�ACD@S�D@X�VCT_[�T9[ #P[!Y�æ�VCJ�DÍTWVC[!AKT_dcGITWVWD@]�GIX�O [!�PdeD *�[!ACDÍX�<�V_GIX�HFdI?P]�D@]
GIX
VCJ�DÀAKD@TWVÂ<�Ó�VCJ�D
[�X�[�def2TCGIT�<�Ó VCJ�GIT�TWD@HoVCGe<&XM8

O�J�DÂTCGIS�Ý;deD@TWV¾ACD@dI[!VCGe<&X�TKJ�GeÝ�EªD_Ó�<&?�XP]�VCJ�[!V\Û�VCTÆVCJ�DÂ]�[!VC[UGIT

de<�Y Z � ' �����	� , � � � )+* � ��Ø �I×�*32 '�� �
�$,	� Ø �öØ � Ö '�� �
�$, ± �®Ø �öØ�Ø�× � '�� ���$, Å '¥Ö ,

O\J�DÂ?PTWDQ<�Ó [ÀJ�GeY&J�DFAÆ<�AK]�DFA\Ý�<&def�X�<&SUGI[�d�]�<�D@T\X�<�V\ACD@]P?�HoDQVCJ�DQACD@TCGc]�?�[�dITFL�E�J�GcHKJ#[!ACDÂTKJ�<�E�X=GIXº½�GeY&?�ACDQÖ�8

O5<ºD@TWVCGISÀ[!VWD�VCJ�D�Ý�ACD@HFGITKGe<&X E�GeVCJ
E�J�GcHKJ EªDUHF[�X®S�D@[�TC?�ACD�Doá�D@HoVCGeÒ�DUVWD@SUÝ�DFA�[!VC?�ACD@TFL�E¾D�ACD@TWVWA�GIHoVQVCJ�D
]�GITKHF?�TCTCGe<&X#VW<ÍVCJ�DiÖ � dc?�SUGIX�<&TKGeV	f�HFdI[�TCT3°C°C°ÆTWVC[!AKT@83­3<&X�Di<�Ó¡VCJ�D@TWD9TCVC[!AKT3JP[�T3TCGIY&X�GeÛPHF[�X�V\Doã2VCGIX�HoVCGe<&XM83O\J�D
TWVC[�X�]P[!AK]U]�DFÒ2GI[!VCGe<&X�<�ÓMVCJ�D\ACD@TCGI]P?�[�dIT�Ó¥<�A�VCJ�D@TWD3TWVC[!AKT�GcTªÕ2×F§�8"O�J�D �5±��GIT � 8ïÖiGeÓ�E¾D�[�TCTC?�SUD � 	 #P?�ã9DFACAK<�AKTFL
[�X�]=ACD@]�?�HoD@T3VW<¬×_E�GeVCJ#AKD@[�TW<&X�[!�PdeD_Ö�8þÕ 	 #;?2ãºDFACAC<�AKTF8 �aTCGIX�YÍ[�dId�2 � TWVC[!AKT3<�Ó'[�dId�dI?PSUGIX�<&TCGIV	fÍHFdc[�TCTWD@TFL�VCJ�D
TWVC[�X�]P[!AK]�]�DFÒ2GI[!VCGe<&X
<�Ó�VCJ�DUAKD@TCGI]�?�[�dcTaGcX�HoACD@[�TWD@TQVW< Ô�)!§ [�X�]�VCJ�D�� ±��GIX�HoAKD@[�TWD@TQVW<®×!8 2 '�?�TCGIX�Y�VCJ�DÀÖ�8þÕ 	
#P?2ãtDFACAC<�AKT<,�L��P?�VÆX�<Àdc?�SUGIX�<&TKGeV	fÀHFdc[�TCT\GITÆTWf2TWVWD@SU[!VCGcHF[�dIdeft<!á�TWDFV�Ó�AC<&S ¯ "�?�[!VCGe<&XºÖ�8


 
 Ì � ��� � ��� Ì ��� � ��� � Ë ����� ������� 




½�<&dIde<�E3GIX�YUbaGIX�]�TCdIDFf %Q`¾D@dId '6×�)�Ô�)+,�L�EªD_]�DFÛPX�D�VCJ�D_de<�Y�<�Ó�VCJ�DiTWVWD@dIdI[!A\TC?�ACÓ¥[�HoDQ�PAKGeY&J�VCX�D@TCTÆ[�T

� � ��� � �âÕ!de<�Y�'� , ) '£Õ+,

E�J�DFAKD � � GIT9VCJ�Dº[!Ý�ÝP[!AKD@X"VÇÒ2GITC?�[�dªSU[!Y&X�GeVC?�]�DÍ<&X VCJ�DºN�<&JPX�TW<&X TWf2TWVWD@Sä[�X�]  ¬GcTiVCJ�D�dcGIS_��Ü	]�[!ACB�D@X�D@]
[�X�Y&?�dc[!Ai]�GI[�SUDFVWDFAiGIXåSUGIdIdIGc[!AKHFTWD@Ho<&X�]�T@8ÍO\J�GcTÂ]�DFÛPX�GIVCGe<&X
Ó�<&dcde<�E�T_VCJ�DÍTK[�S�DÍHo<&X�Ò�D@X"VCGI<&Xß[�T9SU[!Y&X�GIVC?�]�D@TFL
E�GeVCJº[ÀTCSU[�dIdeDFAÆÒ![�dI?�DQ<�Ó � � GcS�ÝPdef2GIX�Y9[���AKGeY&J�VWDFA�TC?�ACÓ¥[�HoD�8

R ÝPde<�V�<�Ó � � Ò�DFAKTC?�T('�� � �/,ªGIT�TCJ�<4E�XºGIX�½�GeY&?�ACDQÕ�8¾Ä�VC[!AKT�<�Ó [�dId�dI?�SUGcX�<&TCGeV1fUHFdI[�TCTWD@TÆ[!ACDQGIXPHFdI?�]�D@]M8
`¾D@HF[�?�TWDQVCJ�GcT¾Ho<�AKACD@dI[!VCGe<&X�GIT¾Ó�[�GeAKdef�VCGeY&J�VFL�GeVÆHF[�X���Da?�TCD@]ÍVW<ÇÝ�AKD@]�GIHoV  �8¡O\J�D�de<�E¾D@TWVÆ<�AK]�DFA�Ý�<&def2X�<&SUGI[�dPÛ�V
VW<UVCJ�GcT�ACD@dI[!VCGe<&X�TKJ�GeÝ�VCJ�[!V�]�<�D@T\X�<�V3TCJ�<�E <���Ò2Ge<&?�T\TCf�TWVWD@SÀ[!VCGIHFT�GIX�VCJ�DQACD@TCGI]�?P[�dIT�GIT\[�HF?��PGcH!L

� � � � � 2�22×��ßÖ �I×�*!Ô '�� � �/,��)Ø �öØ!Ö * '�� � �/, ± ��Ø �I× � ×+'�� � �/, Å '�2+,



� × � �

[�X�]#GcTÆTCJ�<�E3X#[�T\VCJ�DÂTC<&dIGI]ºdIGIX�DaGIX=½ GIY&?�ACDÂÕ�8ªO\J�DaAKD@TCGI]�?�[�dcT¾[!AKD_TCJ�<4E�X#GIXº½�GeY&?�AKD/2�8

O�J�D3TCHF[!VWVWDFA\GcXÀVCJ�GcT'ACD@dI[!VCGI<&X�TCJ�GeÝÍGITªdc[!ACY�DFAªVCJP[�XÍDoã2Ý�D@HoVWD@]M8'RaTCTC?�SUGcX�YÂVCJ�D�[�X�Y&?�dI[!A�]�GI[�SUDFVWDFAªDFACAK<�AKT
Ó¥AC<&S O [!�PdeD � [�X�]�DFACAC<�A�TQ<�Ó\Ø28öØ�×ÀSU[!Y&XPGeVC?�]�D@TÂGcX���<�VCJ � [�X�] '�� � �/,�L � ±� � ��� 8ºO\J�D�� ±��HF[�X®��D
ACD@]�?PHoD@]
VW<�×i��f¬[�TKTC?�SUGIX�YÍVCJ�DUTCf�TWVWD@SÀ[!VCGIHÇDFACAC<�AKT�GIX  #"%$ [!AKD 2�8þÕ 	tL�X�<�VQVCJ�Dº×
	 D@TWVCGcSU[!VWD@]�Ó¥AC<&S VCJ�D
GIX�VWDFAKX�[�dªHo<&X�TCGITWVWD@XPHof�[!ACY&?�S�D@X�VCTF8=¯�ACAC<�AKT_VCJ�GIT_dc[!ACY�DÍ[!ACDtAK?�dID@]�<&?�V_��f�VCJ�DtHo<&X�TCGITWVWD@XPHof�<�Ó\VCJ�D@TWDt]�[!VC[
E�GeVCJÇ<�VCJ�DFA�ÝP?��;dIGITCJ�D@]9]�GI[�SUDFVWDFAKTF8¡R3dIVWDFAKX�[!VCGeÒ�D@def�L�?�TCGIX�YaVCJ�D�]�GI[�S�DFVWDFA�DFACAC<�AKT¡Ó¥AC<&S O [!�PdeD � L"ÝPJ�<�VW<&SUDFVWAKGIH
DFACAC<�A�TÆ<�Ó Ø28öØ+2 � SU[!Y&X�GIVC?�]�D@TÆGIX���<�VCJ�� [�X�] '�� � �/,¾[!ACDiX�DFD@]�D@]ºVW<UDoã2ÝPdI[�GcX�VCJ�DÂTCHF[!VWVWDFA@8

O5<ÀÓ�?�ACVCJ�DFA3GIX�Ò�D@TWVCGeY&[!VWD9VCJ�DiXP[!VC?�ACD_<�Ó¡VCJ�D_Doã�HoD@TCT�TCHF[!VWVWDFA@L�EªDÇHo<�ACACD@dI[!VWD@] � � E�GeVCJ#[�X�<�VCJ�DFA3Ý;J�<�VW<!Ü
S�DFVWAKGcHÂGIX�]�Doã�8�R ÝPde<�VÆ<�Ó � � Ò�DFAKTC?�T '�� ���$,¾GIT\TCJ�<4E�X=GcXº½ GIY&?�ACD8*Ç[�dI<&X�YUE�GeVCJ=[�Û�V\VW<UVCJ�D_]�[!VC[28�O\J�D
ACD@TCGc]�?�[�dIT�[!ACD_TKJ�<�E�X=GIXº½�GeY&?�ACDÂÔ�8ªO�J�GIT¾VCGIS�DÂ[1"�?�[�]�A�[!VCGIH�Û�V\GITÆTC?�-ÀHFGeD@X�V	�

� � � � � 2�Õ�Ô � ×�� � Ô�Õ '�� �
�$,���Ø �öØ � ×+'�� �
�$, ± ' *�,

Ñ X�HoD�[!Y&[�GIXML�[�TCTK?�SUGIX�Y9×
	 ÝPJ�<�VW<&S�DFVWAKGcH'DFACAC<�A�T [�XP]_VCJ�D�]�GI[�SUDFVWDFA5DFACAK<�AKT5GcXiO [!�PdeD � L�VCJ�D¾TKHF[!VWVWDFA'GIT5dc[!ACY�DFA
VCJ�[�X9Doã2Ý�D@HoVWD@]�L&E�GeVCJ �5±� � � � )�8¡Ù�D\HF[�XÇACD@]�?�HoD �5±��VW<Ç×���f_GIXPHoACD@[�TCGIX�YaVCJ�D�SUGIX�GcSi?�S-[�X�Y&?�dI[!A¡]�Gc[�S�DFVWDFA
DFACAC<�AQVW< � 8 2 	 <�AÂ��f GIXPHoACD@[�TCGIX�YtVCJ�DU[�TCTK?�S�D@]
ÝPJ�<�VW<&SUDFVWAKGIHÇDFACAC<�AQVW<¬Ø28öØ � Õ#SU[!Y&X�GIVC?�]�D@TF8ÇÚ�J�<�VW<&SUDFVWAKGIH
DFACAC<�A�TÆ<�Ó5VCJPGIT\SU[!Y&X�GIVC?�]�DQ[!ACD_X�<�V�<&?�VÆ<�Ó�VCJ�D0"�?�D@TWVCGe<&XM8

RaX=[!AKY&?�S�D@X�V�VCJ�[!V3VCJ�DiTCHF[!VWVWDFAQGIT�X�<�V3]�?�DÂVW<ÍVCJ�D_[�X�Y&?�dI[!Aa]�GI[�S�DFVWDFAaS�D@[�TC?�AKD@S�D@X"VCTaHF[�X¬��DiSU[�]�D
��fßHo<&S�Ý;[!AKGIX�Y
VCJ�D#AKD@TCGI]�?�[�dcTiGIX)½�GeY&?�ACD@TUÕ�[�X�] *�8)°$Ó3VCJ�D#TCHF[!VWVWDFAtGcXåVCJ�D@TWD#V	E¾<�ACD@dc[!VCGe<&X�TCJ�GIÝPTiGcTU]�?�D
Ý�AKGcSU[!AKGIdef=VW<=DFACAC<�A�T_GIX
VCJ�Dt[�X�Y&?�dI[!Ai]�GI[�S�DFVWDFAKT@L5VCJ�DÀACD@TCGI]�?P[�dITQTCJ�<&?�dc]
��DÍTWVWAC<&X�Y&def�Ho<�ACAKD@dI[!VWD@]M8�½ GIY&?�ACD
)ÍHo<&S�ÝP[!ACD@TaVCJ�D9ACD@TCGI]P?�[�dITF8\O\J�DiÓ¥<�AKSU[�d Ho<�ACACD@dI[!VCGI<&X¬Ho<�D	-ÀHFGeD@X�VQGIT�Ø28I×�*�L�GISUÝPdef2GIX�Y�VCJ�[!VaVCJ�D9Ò�[!AKGc[�X�HoDi<�Ó
VCJ�D9?�X�Ho<�ACACD@dc[!VWD@]¬Ho<&S�Ý�<&X�D@X�V�<�Ó¡VCJ�DiX�<&GITCDiGIT�Ö�8þÔUVCGISUD@T�dI[!ACY�DFAaVCJ�[�X¬VCJ�DiHo<�AKACD@dI[!VWD@] Ho<&S�Ý�<&X�D@X"VF8�Ä2GIX�HoD
VCJ�DÀHo<�AKACD@dI[!VWD@]�X�<&GcTWDUGITQGIX�Ý;[!ACVQÓ�AK<&S  º[�X�]�GIX
Ý;[!ACVQÓ�AK<&S � � L�E3J�GIdeD9VCJ�DU?�X�Ho<�AKACD@dI[!VWD@]�X�<&GcTWDUGIT�Ó¥AC<&S
'�� � �/,ª<�A '�� �
�$,�LPGeV\GcTÆ]�G.-ÀHF?�dIVªVW<t?�X�]�DFAKTCVC[�X�]�J�<�E VCJPGIT\Ho<�ACACD@dc[!VCGe<&X#Ho<�D	-ÀHFGeD@X�V�GITÆHo<&X�TCGcTWVWD@X"V�E�GeVCJ
GIX�HoAKD@[�TCGIX�YÇVCJ�D_?PX�HoDFACVC[�GIX�V	f�GIX  �VW<UDoã2ÝPdI[�GcXÍVCJ�D_dI[!ACY�D � ±� GcXº¯ "�?�[!VCGe<&X�T 2�[�XP] *�8

O�J�DºACD@SU[�GIXPGIX�Y <���Ò2Ge<&?�TUTC<&?�AKHoD#<�Ó�<��PTWDFAKÒ�[!VCGe<&XP[�dÆX�<&GITWD#GIX VCJ�D=TC?�ACÓ�[�HoD#��A�GeY&J"VCX�D@TCTÇACD@dI[!VCGe<&XPTCJ�GeÝPT
VCJ�[!VQX�DFD@]�T3VW<���D9[�]�]�ACD@TCTWD@] GITaGIX"VWDFA�TWVWD@dIdI[!A3Doã�VCGIXPHoVCGe<&XM8Q½�<�A�VCJ�D�[�HFHF?�AK[�Hof¬<�Ó � � VW<���D9dIGISUGIVWD@]#��f#VCJ�D
[�HFHF?�AK[�Hof¬<�Ó�VCJ�DÇ]�GI[�SUDFVWDFAKTFL�VCJ�D)È
�P[�X�]¬Doã�VCGcX�HoVCGe<&XML ��� LMSi?�TCV3��DÇ]�DFVWDFAKSUGIX�D@]=VW<º[!��<&?�VÇ×
	t8QO\J�GITaGIT
[!VidID@[�TWV_[#Ó�[�HoVW<�A9<�ÓÂ×FØ#��DFVWVWDFA_VCJ�[�X®E�J�[!V_HF[�XßHF?�ACAKD@X"VCdef ��DU[�HFHo<&S�ÝPdIGcTCJ�D@]M8t½�<�ACVC?�X�[!VWD@dIf�L�GcX"VWDFAKTCVWD@dIdI[!A
Doã2VCGIX�HoVCGe<&X
[�dITW<�HKJP[�X�Y�D@TQVCJ�DÇHo<&de<�AQ<�Ó'VCJ�D�TWVC[!A�8 �3TCGcX�YÍÒ![�dI?�D@Ta<�Ó'VCJ�DÇGcX"VWDFAKTCVWD@dIdI[!AaDoã�VCGIXPHoVCGe<&X Ý�ACD@TWD@X�VWD@]
��f ¦ [!A�]�D@dIdIG5DFV_[�d£8 '6×�)�Ô�)+,QÓ�<�A � � � � �I×!L5E¾D�ÛPX�]
VCJ�D�ACD@]�]�D@X�GcX�YtHF?�ACÒ�D�AK?�X�TQ[�dcS�<&TWVQÝP[!AK[�dcdeD@d VW<#VCJ�D
TC?�AKÓ¥[�HoDa��AKGeY&J�VCX�D@TCT¾HF?�ACÒ�DQGIXÍ½�GeY&?�ACDQÕ�8�O\J�D3ACD@]�]�D@XPGIX�Y_HF?�AKÒ�D�JP[�T¾[9TCde<�Ý�Da<�Ó�Ö�8öØ2L�SU[!VCH�J�GIX�Y9VCJ�DQTCde<�Ý�D�<�Ó
VCJ�D�TK?�ACÓ�[�HoD\��AKGeY&J�VCX�D@TCT¡HF?�ACÒ�D3[!V '�� � �/, � Ø �þÔ�8�O\J�DFACDFÓ�<�AKD�L"GIX�VWDFAKTWVWD@dIdI[!A�Doã�VCGIXPHoVCGe<&XUTCJ�<&?PdI]�X�<�V�GIXPHoACD@[�TWD
VCJ�D_TKHF[!VWVWDFA3?�X�dID@TCT � � J�[�T\[UTKGeY&X�GeÛPHF[�X�VCdeft[�X�<&SU[�de<&?�T\Ò�[�dI?�D�8

Ù�D�Ho<&X�HFdI?P]�DUVCJ�[!ViVCJ�DÍTCHF[!VWVWDFA�GIT_X�<�Vi]�?�DUVW<¬VCJ�DÀS�D@[�TC?�AKD@S�D@X"VCTi�P?�ViGIT_GIX�VWAKGIXPTCGIH9VW<=VCJ�DtTC?�ACÓ�[�HoD
��AKGIY&J"VCX�D@TKT�ACD@dI[!VCGe<&X�TKJ�GeÝPTF8



� × � �

��
 Î ����� � � ��� � � � ��� 
 � � � ��� � �&� � � ��� ��� � � ��� � 
 � 
	� 
 � �+� � ��� � 


��
���
 Ð �.� � ���3� 
�� � Ê � � ����� � 
�� ��� 
 � �+� � ��� � 


`¾D@HF[�?�TCD\TWVWD@dIdI[!A'dIGcS_�Ç]�[!ACB�D@X�GcX�Y�Ò�[!AKGID@T�E�GeVCJ9E¾[�Ò�D@deD@X�Y�VCJML�[�TWVC[!A � T¡D�"�?�GeÒ![�deD@X�V�?PX�GeÓ¥<�AKSÇÜ	]�GITCB�[�X�Y&?�dI[!A
]�GI[�SUDFVWDFA�TCJ�<&?�dc]9[�dcTW<QÒ�[!AKfiE�GIVCJÇE¾[�Ò�D@deD@X�Y�VCJM8'^3GI]�Y�E�[@fÇDFV�[�d£8 '6×�)�Ô � ,¡Ý�ACD@TWD@X�V�[�XU[�X�D@[!A�def9SUD@[�TC?�ACD@S�D@X�V
<�Ó VCJ�GITÆDoá�D@HoVF8ªO\J�DQAK[!VCGe<�<�Ó¡?�X�GeÓ¥<�AKSÇÜ	]PGITWBU[�X�Y&?�dc[!A\]�GI[�S�DFVWDFA�[!VaÔ!Ø�ØÀX�S VW<ÍÕ�Õ!ØÍX�S*GIT\TKJ�<�E�XºGcXº½ GIY&?�ACD
×FØ2L�[�X�]�VCJ�DUA�[!VCGe<#<�Ó\Ô!Ø�Ø=X�S VW<=Ö"Õ2×ÀXPS ?�X�GeÓ¥<�AKSÇÜ	]PGITWB#]�GI[�SUDFVWDFAKT_GIT_TCJ�<�E3X�GIX�½�GeY&?�ACD¬×�×!8ÍO\J�DÍTW<&dIGI]
dIGIX�D@TÆ[!ACDQÝ�ACD@]�GcHoVCGe<&X�T�Ó¥AC<&SµS�<2]�D@dM[!VCS�<&TWÝ;J�DFACD@T\[�X�]#ACDFÝ�ACD@TWD@X�V�dI?PSUGIX�<&TCGIV	fUHFdI[�TCTCD@T\°zL�°C°C°ª[�XP] � 8

O�J�Dª<��;TWDFACÒ�D@]9AK[!VCGe<&T¡[!ACD�TCdIGIY&J"VCdefÂdc[!ACY�DFA�VCJ�[�X9Ý�ACD@]�GIHoVWD@]�8 O\JPGIT�GIT D�"�?�GeÒ![�deD@X�V5VW<QTC[�f�GIX�Y3VCJ�D�<��PTCDFACÒ�D@]
GIX�HoAKD@[�TWD3GIXtdIGISi�Í]P[!ACB�D@X�GIX�Y_VW<�E�[!AK]ºTCJ�<�ACVWDFA¾E�[@Ò�D@deD@X�Y�VCJPTÆGITªdc[!ACY�DFAªVCJP[�XÀÝ�AKD@]�GIHoVWD@]Í��f�VCJ�D�S�<2]�D@d�[!VCS�<!Ü
TWÝPJ�DFACD@TF8¡O\J�D3AK[!VCGe<Ç<�Ó�<��PTWDFAKÒ�D@]�Ô!Ø�ØÇX�SÉVW<UÕ�Õ!ØÇX�SÉ[�X�Y&?�dI[!AÆ]�GI[�S�DFVWDFA�Tª[�Ò�DFAK[!Y�D@T�Ø28þÔ 	 VW<�<Çdc[!ACY�D�L2E�J�GIdeD
VCJ�D�AK[!VCGe<a<�Ó�Ô!Ø�ØQXPS-VW<�Ö"Õ2×ÆX�S [�X�Y&?PdI[!A ]PGI[�S�DFVWDFAKT�[@Ò�DFA�[!Y�D@T�×!8 ) 	 dI[!AKY�DFA VCJP[�XiÝPACD@]�GIHoVWD@]9��fÂVCJ�DÆS�<2]�D@dITF8
O\J�D@TCDÇ]�DFÒ�GI[!VCGI<&X�TaÓ�AC<&S VCJ�DUSU<�]�D@dcT3[!ACD�L5J�<�E¾DFÒ�DFA@L�<&XPdef=SU[!ACY&GcX�[�dIdef#TCGIY&X�GeÛPHF[�X�VF8 ¦ <&S�ÝP[!A�GIX�YtVCJ�D�]�[!VC[
]�GeAKD@HoVCdef
VW< VCJ�DtS�<2]�D@dIT_ACD@TC?�dIVCTiGIX �5±� Ò![�dI?�D@Ti<�Ó�Ø28 *4Ö
Ó¥<�A9VCJ�D�Ô!Ø�Ø
X�S��!Õ�Õ!Ø
X�S AK[!VCGe<
[�X�] � 8 � Ó¥<�AÇVCJ�D
Ô!Ø�ØtX�S��4Ö"Õ2×_XPSµAK[!VCGe<�8¾°$Ó E¾DiGcX�HoACD@[�TWDÂVCJ�DidIGISi�#]�[!ACB�D@XPGIX�YU<�Ó�VCJ�D9S�<�]�D@dIT\[!V�VCJ�DiTCJ�<�AKVWDFA�E�[@Ò�D@deD@X�Y�VCJPT
��fÍVCJ�D_Ò�[�dI?�D@TÆY&GeÒ�D@X#[!��<�Ò�D�L;VCJ�D � ±� [!ACDQAKD@]�?�HoD@]ºVW<ÀØ28þÕ�ÔÀ[�X�]�×!8 )ÇAKD@TWÝ�D@HoVCGeÒ�D@def�8

Ä�GIX�HoDtVCJ�DFACD#[!ACD#TWVCGcdId¾Ò�DFACfåÓ¥DFEµ]�GeAKD@HoVÇSUD@[�TC?�ACD@S�D@X�VCT�<�Ó�TWVWD@dIdI[!AUdcGIS_�)]�[!AKB�D@X�GIX�Y�L'E¾D#TC?�SÀSU[!AKGe>FD
VCJ�D@TWDi]�[!VC[U[�T\[�X¬[�GI]�VW<À[�X�f�<&X�DiGIX�VWDFACD@TWVWD@]=GIXº?�X�]�DFA�TWVC[�X�]�GIX�YiVCJ�GcT�Ò�[!AKGc[!VCGe<&XM8¡Ù�D_HF[�dIHF?PdI[!VWD@] � � ?PTCGIX�Y
?�X�GIÓ�<�AKS�Ü	]�GITWB=]PGI[�S�DFVWDFAKTF8�O\J�D@TCDUÒ�[�dc?�D@T_[!ACDÍX�<�ViTWVWA�GIHoVCdef
TC?�ACÓ�[�HoDU��AKGIY&J"VCX�D@TKTWD@TF8�O\J�DFf�[�dId¡ACDFÓ¥DFA_VW<¬VCJ�D
TC[�S�D � SU[!Y&XPGeVC?�]�D�L![�X�]9TCGIX�HoDªVCJ�DªÝ;J"f2TCGIHF[�d�TCGe>FD�<�ÓPVCJ�D¾TCVC[!AKT�TCJ�<&?�dI]_X�<�V ]�DFÝ�D@XP]Â<&XiE¾[�Ò�D@deD@X�Y�VCJML"X�D@GeVCJ�DFA
TCJ�<&?PdI] � � 8¡O\J�D\��D@TWVªdIGcX�D@[!A�[�X�] "�?�[�]�AK[!VCGIH\ÛPVCT'VW<9VCJ�D@TWD "�?�[�X�VCGeVCGeD@Tª[�Tª[_Ó¥?�XPHoVCGe<&XU<�ÓMÝPJ�<�VW<&S�DFVWAKGIH3Ho<&de<�A
[!ACD

� � '£Ô!Ø�ØÀX�S , � � � *32+* � ×�� � � '�� � ��, '£Ô+,
� � '£Õ�Õ!ØÀX�S , � � � 2�2 � � ×�� � Ö '�� � ��, '�)+,
� � '£Õ!Ø�ØÀX�S , � � �þÕ�Õ�Ö � ×�� � Ô '�� � ��, '6×FØ ,
� � '¥Ö"Õ2×_X�S , � � �þÕ�Ö ) � ×�� � * '�� � ��, '6×�×�,

'6× � ,
[�X�]

� � '£Ô!Ø�ØÀXPS , � � � 2!Ø * � ×�� � Ö 2 '�� �
�$,���Ø �öØ�×@Ô!Ø�'�� �
�$, ± '6× � ,
� � '£Õ�Õ!ØÀXPS , � � � 2 � Ö � ×�� � 2�2 '�� �
�$,���Ø �öØ�Ø � 2 '�� �
�$, ± '6×oÖ ,
� � '£Õ!Ø�ØÀXPS , � � � 2�)2× � ×�� � Ø � '�� �
�$,	� Ø �öØ�×FØ * '�� �
�$, ± '6×@Õ+,
� � '¥Ö"Õ2×_XPS , � � �ïÖ )�2 � ×�� � � Ø�'�� �
�$,���Ø �öØ�×oÖ&Ø�'�� �
�$, ± '6×�2+,

O\J�DÍHo<�ACACD@dI[!VCGe<&X�<�Ó¾VCJ�D@TWD � � TÂ[�X�]�Ý;J�<�VW<&S�DFVWAKGIHÀHo<&de<�AiGIT_[�TÂVCGeY&J�Vi[�T_E�J�D@X�dIGcS_��Ü	]P[!ACB�D@X�D@]�]�GI[�SUDFVWDFAKT
[!ACDº?�TWD@]ß[�X�]åÝ�AC<4Ò�GI]�Dt?�XPGeÓ�<�A�SÇÜ	]�GITWB ]�GI[�S�DFVWDFA�TiE3GeVCJå[�X [�HFHF?�A�[�Hof®<�Ó�[!��<&?�V � 	 <�Ò�DFAUVCJ�DtAK[�X�Y�DºØ �
'�� �
�$, � 2�8



� ×oÖ �

��
 ��
 Ð � � � ���3� 
�� � Ë � � � � � � � � 
�� ��� � �&� ����� � ��� � � 
 � �+� � ��� � 


`¾D@HF[�?�TCDº<�Ó���<�VCJ®VCJ�D�GcX�HoACD@[�TCGIX�Y¬X�?�S_��DFAÇ<�Ó3SUD@[�TC?�ACD@] GIX�Ó¥AK[!ACD@]å[�X�Y&?�dI[!A�]�Gc[�S�DFVWDFAKTÇ[�X�]ßVCJ�DºGIX2Ü
HoACD@[�TCGcX�YßX�?�Si��DFAÀ<�ÓÂ<�Ý�DFAK[!VCGe<&XP[�d3GIX�Ó�AK[!AKD@]âGIX�VWDFACÓ�DFAK<&S�DFVWDFAKTFL�GIVtGITÍGIS�Ý�<�ACVC[�X�VÀVW< Ho<&S�ÝP[!ACD
VCJ�D¬Ò�GcTCGe�PdeD
[�X�]âGcX�Ó�A�[!ACD@] S�D@[�TC?�ACD@SUD@X"VCTF8�½�GeY&?�ACD�× � TKJ�<�E�TUVCJ�D#AK[!VCGe<�<�ÓQ§ �;[�X�])?�X�GeÓ¥<�AKSÇÜ	]PGITWB�]�GI[�SUDFVWDFAKT�Ó¥AC<&S
VCJ�D
dIGeVWDFAK[!VC?�ACD¬VW<):¬[!ACBÞ°C°K°�Ô!Ø�Ø)XPS ?�XPGeÓ�<�A�SÇÜ	]�GITWB ]�GI[�SUDFVWDFAKTF8 O\J�D ° � O ]�[!VC[ßE¾DFACD¬VC[!B�D@X Ó�AC<&S 7�G
`¾D@X�D@]�DFVWVW< %Q^3[!���PGI[ '6×�)�Ô+*�,�LÂ7�GQ`¾D@X�D@]�DFVWVW< %Q½�DFAKdI?�Y&[ '6×�)�)!Ø ,�[�X�] 7�G�`¾D@X�D@]�DFVWVW< %Q½�<�f '6×�)�Ô�2+,�LQVCJ�D
° Ñ O5R ]�[!VC[¬E¾DFACDÀVC[!B�D@XßÓ¥AC<&S 7af2HCB�DFVÇ[�d£87'6×�)�)�2+,9[�X�]®VCJ�DÍÚªOÆ°Q]�[!VC[#Ó¥AC<&S Ò�[�Xå`¾D@dIdeDÀDFV9[�d£8�'6×�)�)�)![ ,�8
Ñ X�HoD#[!Y&[�GcXMLªVCJ�D#VCJ�ACDFD=TC<&dIGI] dIGIX�D@T�TKJ�<�EµVCJ�D#Doã�Ý�D@HoVWD@])AKD@dI[!VCGe<&X�TCJPGeÝ Ó�<�AÀ]PG¶á�DFAKD@X"VUdI?PSUGIX�<&TCGIV	f®HFdI[�TKTWD@T
]�DFAKGIÒ�D@]#Ó¥AC<&S §_?�AK?�Ho>_SU<�]�D@dcTF8\O\J�DFACD9GIT�[�X¬<���Ò�Ge<&?PT\VWACD@X�] GIX=VCJ�D@TWDi]P[!VC[28�Ä�VC[!AKT3E�GeVCJ '�� � �$,ÆHo<&dI<�AKT
��DFV	E¾DFD@X � [�XP]�Ö=[!ACDÀGcX�Y�<�<2]�[!Y�ACDFD@SUD@X"ViE�GeVCJ�VCJ�DUSU<�]�D@dcTF8Àb3<�E¾DFÒ�DFAiÓ¥<�AiHo<�<&deDFA_TWVC[!A�TFL�VCJ�DÀAK[!VCGe<&TÂ<�Ó
GIX�Ó¥AK[!ACD@]9VW<QÒ2GITCGe�;deDª]�Gc[�S�DFVWDFAKT¡[!ACD\TCSÀ[�dIdeDFA�VCJ�[�XÇDoã2Ý�D@HoVWD@]�8�O�J�GIT VWACD@X�]�[!Ý�Ý�D@[!AKT�VW<Q��DÆTCGeY&XPGeÛPHF[�X�VFL��P?�V¡GeVCT
GIX�VWDFACÝ�ACDFVC[!VCGI<&X¬GITaHo<&S�ÝPdcGIHF[!VWD@] ��fºVCJ�DÇGIX�J�<&S�<�Y�D@X�DF<&?�TaX�[!VC?�ACD9<�Ó'VCJ�DÇ]�[!VC[28Q½�<�A�Doã�[�S�ÝPdeD�LM7af�HKB=DFV�[�d£8
'6×�)�)�2+,¾Ý�<&GIX�VWD@]t<&?�V�VCJ�[!VÆÓ�<�A�VCJ�DQTWVC[!A�T�<��PTWDFACÒ�D@]���<�VCJtE�GeVCJt° Ñ O5R [�X�]tE�GeVCJt° � OÂL�VCJ�Da° Ñ O R ]�GI[�SUDFVWDFAKT
[!ACDÂTWf2TWVWD@SU[!VCGcHF[�dIdefÍTKSU[�dIdeDFAÆÓ¥<�AÆVCJ�DÂdI[!ACY�DÂTCVC[!AKT\[�X�]ºTWf2TWVWD@SU[!VCGcHF[�dIdefÍdc[!ACY�DFAÆÓ�<�A�VCJ�DÂTCSU[�dId�TWVC[!A�TF8 �aTCGIX�Y�[
TCGIX�Y&deDQ]�[!VC[UTWDFV�TKJ�<&?�dI]�J�D@deÝ#?PX"VC[�X�Y&dIDÂÒ�[!A�GI[!VCGe<&X�T�E�GIVCJºHo<&de<�A�Ó¥AC<&S Ò![!AKGI[!VCGe<&Xº��DFV1EªDFD@X¬GIX�TWVWAK?PS�D@X"VCT@8

O�J�D_dI[!ACY�D@TCV3J�GeY&J�Ü "�?�[�dcGeV	f�LPJ�<&S�<�Y�D@X�DF<&?�TaTWDFV�<�Ó'GcX�Ó�A�[!ACD@]#]�GI[�SUDFVWDFAKT�GIT�Ó�AK<&SµVCJ�D_Ú�[�de<&SÀ[!AaO5D@TWVW��D@]
°6X"VWDFACÓ¥DFAC<&S�DFVWDFA�L�Ú�OÆ° '¥Ò�[�Xº`¾D@dIdeD�DFV\[�d£8M×�)�)�)![ ,�8 �3X�Ó�<�ACVC?PX�[!VWD@defUVCJ�D�<&X�dIfÍTWVC[!AKTÆGcXtHo<&SÀS�<&X���DFV	E¾DFD@XºVCJ�D
Ú�O\°a[�X�]�VCJ�DÍ:¬[!ACB¬°K°C°3[!ACDÀÛ�Ò�DU<�Ó�VCJ�DUE�[!AKS�D@TWViTWVC[!AKTÂGIX®½ GIY&?�ACD#× � 8Í`¾<�VCJåGIX"VWDFAKÓ�DFAC<&SUDFVWDFAKTÂ<��PTCDFACÒ�D@]
��<�VCJ®E�[!AKS�DFA�[�X�]ßHo<�<&deDFA�TWVC[!AKTFæªVW<¬Doã2VWD@X�]ßVCJ�GIT9Ho<&S�ÝP[!AKGcTW<&XML¡[�X GIX�]�GeAKD@HoV_[!Ý�Ý�AC<&[�H�J GITiX�DFD@]�D@]M8
O\J�GIT
Ho<&S�ÝP[!A�GITW<&X#HF[�Xº��DÂSU[�]�DQVCJ�AC<&?�Y&J#TK?�ACÓ�[�HoDQ��AKGeY&J�VCX�D@TCT�ACD@dc[!VCGe<&X�TCJ�GIÝPTF8

Ù�D�TWVC[!ACV ��fÂHF[�dIHF?�dI[!VCGIX�Y � � Ó�<�A VCJ�D�TWVC[!AKT5<��PTWDFACÒ�D@]i��f_Ú�OÆ°M?�TKGIX�Y\VCJ�D�Ú�O\°�?PX�GeÓ¥<�AKSÇÜ	]�GITCB3]�GI[�SUDFVWDFAKTF8
O\J�D@TCD�[!ACD3TKJ�<�E�XÀ[�Tª[QÓ�?�X�HoVCGI<&X�<�Ó '�� � �$,�GcXU½�GeY&?�ACD_× � 8'O\Eª<i<���Ò2Ge<&?�T¡<&?�VCdIGeDFAKT '�ba^ � *4ÖÇ[�X�]Íb3^ *�*!Õ�)+,
E¾DFACDtX�<�ViGIX�HFdc?�]�D@]�GIX®VCJ�D�[�X�[�def2TCGITF8#O\J�DÀÛ�Ò�DtTWVC[!AKTÇ[�dITW<¬<��PTWDFACÒ�D@]ß��f�VCJ�Dt:¬[!ACB�°C°K°�[!AKDÍTCJ�<4E�XåE�GeVCJ
TW<&dIGc]ÀTWf2S_��<&dIT@8�­3<�VWDQVCJ�[!V�VCJ�DFfÀ[�dcdPÓ�[�dId�[�de<&X�Y9VCJ�DQde<�E¾DFA�D@]�Y�D�<�Ó�VCJ�D�]�GITWVWA�Ge�P?�VCGe<&X�8�O\J�D�TW<&dIGI]tdIGIX�D�TCJ�<4E�T
VCJ�DUÒ![�dI?�DÀEªDUE¾<&?�dI]�Doã�Ý�D@HoV_?�TKGIX�Y=Ô!Ø�Ø=XPS ]�[!VC[=[�XP]�¯ "�?�[!VCGe<&Xâ× � 8ºO\J�DFACDUGITÂ[�X®<���Ò2Ge<&?�TÂTCf�TWVWD@SÀ[!VCGIH
VWACD@X�]
GIX¬VCJ�GIT�]�[!VC[2L�E�GeVCJ¬VCJ�D � 8 � ��S ]P[!VC[ÍÓ�[�dIdIGcX�YÍTWf2TWVWD@SU[!VCGcHF[�dIdef#��D@de<4E VCJ�D�Ô!Ø�ØºXPS AKD@dI[!VCGe<&X�TCJPGeÝ=Ó¥<�A
VCJ�D�Ho<�<&dIDFA�TCVC[!AKT�[�X�]Í[!��<4Ò�DaVCJ�D3ACD@dc[!VCGe<&X�TCJ�GIÝUÓ�<�A�VCJ�DaE�[!AKS�DFAÆTWVC[!AKTF8'à5GIX�D@[!A�[�X�]5"�?�[�]�AK[!VCGIH\ÛPVCTªVCJ�AC<&?�Y&J
VCJ�D_ÚªOÆ°ª]P[!VC[�Y&GeÒ�DÂVCJ�D_Ó�<&dIdI<�E�GIX�Y9AKD@dI[!VCGe<&X�TCJPGeÝPT

� � ' � � � ��S5, � � �I×�)+* � ×��I× � 2 '�� �
�$, '6×�*�,
� � ' � � � ��S , � � �ïÖ � 2 � ×��öØ�Ø � '�� �
�$,��)Ø �öØ�×@Õ '�� �
�$, ± '6×@Ô+,

½�<�A�D@[�HKJÍ<�Ó�VCJ�D\Ú�O\° TWVC[!A�TFL�¯7"�?�[!VCGI<&X#× � E�[�T�?�TCD@]ÇVW<_Ý�ACD@]PGIHoV�VCJ�D�?�X�GIÓ�<�AKS�Ü	]�GITWBÂ]�Gc[�S�DFVWDFA�VCJ�[!VªTWVC[!A
E¾<&?�dI] J�[@Ò�D�[!VÂÔ!Ø�Ø�X�Sº8�O\J�D9AK[!VCGe<t<�Ó'VCJ�D � 8 � ��S ÚªOÆ°�]�GI[�SUDFVWDFA3VW<�VCJ�DUÔ!Ø�Ø�X�S Ý�ACD@]�GIHoVCGI<&X=GIT�TCJ�<4E�X
GIX
½�GeY&?�ACDº×oÖ�8UR3Y&[�GIXMLMVCJ�DUTCVC[!AKTQ<��PTWDFAKÒ�D@]���f¬��<�VCJ
VCJ�DUÚ�OÆ°a[�X�]
VCJ�DÀ:¬[!ACB °C°C°�[!ACDUTKJ�<�E�X
E3GeVCJ ÛPdIdeD@]
TWf2S_��<&dIT@8

½�<�AÍTWVC[!AKTÍHo<�<&dIDFAUVCJ�[�X '�� ���$, � Ö�LªVCJPGIT�AK[!VCGe<�GcTUTCSU[�dIdIDFA�VCJ�[�X)VCJ�D#Doã2Ý�D@HoVC[!VCGe<&XâÓ¥AC<&S TCVWD@dIdI[!A
[!VCS�<&TWÝ;J�DFACDQS�<2]�D@dITFL�E�GeVCJÍVCJ�DQ]�GITCHoAKDFÝP[�X�HofÀGIXPHoACD@[�TCGIX�YiÓ�<�A\dc[!ACY�DFA�Ò�[�dI?�D@Tª<�Ó '�� � ��,�8'O�J�Da]PGITCHoACDFÝP[�XPHof



� ×@Õ �

[!Ý�Ý�D@[!AKTiTCGeY&X�GeÛ;HF[�X"VÂ[�X�]åGITÂHo<&X�TKGITWVWD@X�V_E�GeVCJ�VCJ�DÀVWACD@XP]�GIX�½�GeY&?�AKD=× � 8#R TCSU[�dIdeDFA_Ò�[�dI?�DU<�Ó � � GcS�ÝPdIGeD@T
[
J�GeY&J�DFA9TC?�ACÓ�[�HoDt��AKGeY&J�VCX�D@TCTiE�J�GIH�JåGcX®VC?�A�XåGISUÝPdIGeD@TQD@GIVCJ�DFA�[ TKSU[�dIdeDFA9TWVWD@dIdI[!AÇ]�GI[�S�DFVWDFAÇ<�A�S�<�ACDºdIGcS_�
]�[!ACB�D@XPGIX�Y�8 °1ÓPGIV GIT VCJ�DÆdI[!VWVWDFA�L&GeV Ho<&X�VWAK[�]�GcHoVCT¡VCJ�DÆTWVC[�X�]�[!A�]i[!ACY&?PS�D@X"V¡VCJP[!V�GcX�Ó�A�[!ACD@]i]PGI[�S�DFVWDFAKT�TCJ�<&?PdI]_��D
?�TWD@]ÂVW<3]�DFVWDFAKSÀGIX�D'Doá�D@HoVCGeÒ�D�VWD@SUÝ�DFA�[!VC?�ACD@T���D@HF[�?�TCD'VCJ�DªdcGIS_�Â]P[!ACB�D@X�GIX�Y\GcT�TCSU[�dIdIDFA�[!V�VCJ�<&TCD'E¾[�Ò�D@deD@X�Y�VCJ�T@8
°$V9TWDFD@SÀT9SU<�ACDtdcGeB�D@def�VCJ�[!V9VCJ�D@TWD�VWACD@X�]PTi[!ACD�]�?�DtVW< VCJ�DÍÓ¥<�AKS�DFA�HF[�?�TCD�L�G£8ïD�8eL']�G¶á�DFACD@X�HoD@Ti��DFV	E¾DFD@X VCJ�D
]�GI[�SUDFVWDFAKTºGIX VCJ�D
V	E¾<âE¾[�Ò�D@deD@X�Y�VCJ AKDFY&GIS�D@TF8*Ä2?�HKJ ]�Geá�DFACD@XPHoD@Tt[!AKD�GIX�Ho<&X�TCGcTWVWD@X"VtE�GeVCJ�VCJ�D�TWVC[�XP]�[!AK]
TWVWD@dIdc[!A=S�<2]�D@dIT��P?�V#HF[�X Ý�AC<��P[!�PdIfÞ��D�Doã�Ý;dI[�GIX�D@] ��f�GcX"Ò�<�B2GIX�YâS�<�AKD�Doã�VWD@X�]�D@] TWVWD@dIdc[!A=[!VCS�<&TWÝPJ�DFACD@TF8
RaX�Doã�VWD@XP]�D@]®[!VCS�<&TCÝPJ�DFACD�E¾<&?�dI]�D@XPdI[!ACY�D�VCJ�DÍÔ!Ø�Ø=X�S ]�GI[�SUDFVWDFAKTÂS�<�ACDÀVCJ�[�X�VCJ�DÀ§µ�P[�X�]�]�GI[�SUDFVWDFAKTFL
TCGIXPHoDt��<�VCJßVCJ�D#Ho<&X�VCGIX�?�?�Sä[�X�] S�<&deD@HF?PdI[!AUdIGIX�Dt<�ÝP[�HFGeVCGID@T�[!ACD#dI[!ACY�DFAU[!V�VCJ�DºTCJ�<�ACVWDFAUE�[@Ò�D@deD@X�Y�VCJ�8ß°6X
ÝP[!ACVCGcHF?�dI[!A@LM<&?�A9Ô!Ø�Ø=X�S �;[�X�]�ÝP[�TCTQGcTÂHo<&X"VC[�SÀGIX�[!VWD@]�E3GeVCJ�O\G Ñ 8�Ä�<&SUDUDFÒ�Gc]�D@X�HoDUTC?�ÝPÝ�<�AKVCGIX�YtVCJ�GITQÒ2GeDFE
HF[�X
��DÇÓ�<&?�XP]¬GIX���?PGeACACD@X��P[�HKJ¬DFVÂ[�d£8 '6×�)�) � ,�8�O\J�DFf¬Ý�ACD@TWD@X�VWD@]�?�X�GeÓ¥<�AKSÇÜ	]PGITWB�]�GI[�S�DFVWDFAKTQGcX O�G Ñ �;[�X�]�T
VCJ�[!V�[!AKD_TCGeY&X�GIÛPHF[�X"VCdIfÀdI[!ACY�DFA\VCJP[�XºVCJ�D_[�]�¨C[�HoD@X�V3Ho<&X�VCGIX�?P?�S Ó�<�A3TCGISUGIdc[!A�TCVC[!AKTF8

½�<�A�VCJ�D ×�) TWVC[!A�TÇE�GeVCJ � � '�� � �$, � � '�TWÝ�D@HoVWAK[�dªV	f�Ý�D@T �QÔ¬VW<�§ � ,�L'VCJ�D�S�D@[�X ?�X�GeÓ¥<�AKSÇÜ	]PGITWB
]�GI[�SUDFVWDFAiAK[!VCGI< GITt×!8I× � '�S�D@]�GI[�Xå<�ÓÂ×!8I×FØ ,�Lªdc[!ACY�DFAiVCJP[�XåVCJ�DÀÝ�ACD@]PGIHoVWD@]®A�[!VCGe<�L¡E�J�GIH�J®dIGID@TÂ��DFV	E¾DFD@X ×!8öØ �
[�X�]�×!8öØ!Ö�8�O\J�D�Û�Ò�D_TCVC[!AKT\GIX�Ho<&SUS�<&X=E�GeVCJ�VCJ�DQVCJ�D_:=[!ACBt°C°C°ª<��PTWDFACÒ![!VCGe<&X�T\Ó¥[�dId�GIX�VCJPGITÆHo<&de<�A\AK[�X�Y�DÂ�P?�V
VCJ�D@GeAÇ]�GI[�SUDFVWDFA9A�[!VCGe<&TÇAK[�X�Y�D@T9Ó¥AC<&S ×!8öØ
VW< ×!8öØ&Ô�Õ E3GeVCJå[
S�D@[�Xß<�Ó9×!8öØ � 8®O\J�D@TWDtÒ![�dI?�D@TFL¡E�JPGIHKJß[!ACDºGIX
Y�<�<�]�[!Y�AKDFD@S�D@X"ViE�GeVCJ VCJ�DÀSU<�]�D@dcTFLMÓ¥[�dcd¡GIX VCJ�DUde<�E¾DFAiJP[�deÓ�<�Ó¾VCJ�DU]�GITCVWAKGe�P?�VCGI<&X=Ó¥<�AQVCJ�DÀÚªOÆ°3TWVC[!A�TF8�Ù�D
B2X�<�E VCJ�DFACD�GIT9GIX"VWA�GIX�TCGIHÇX�<&GcTWDÍGIX®VCJ�D�TC?�ACÓ�[�HoDÀ��A�GeY&J"VCX�D@TCT_AKD@dI[!VCGe<&X�TCJPGeÝ�L�TW< VCJ�GITi]�GITC[!Y�AKDFD@S�D@X"VFL¡VCJ�<&?�Y&J
TC?�AKÝ�AKGITCGcX�Y�L�SU[�fºX�<�V\��DQTCGeY&X�GeÛ;HF[�X"VF8

O�J�DFACDaACD@SU[�GIXÍVCJ�D�Ó�<&?�A¾ÚªOÆ°�TWVC[!AKT�E3GeVCJ '�� � �$, � � �öØ28�RadeVCJ�<&?�Y&JtVCJ�D�DFACAC<�A��P[!A�Tª[!ACDQdI[!AKY�D�L�VCJ�D@TWD
TWVC[!AKTÆJP[@Ò�DQGIX�Ó¥AK[!ACD@]t]�GI[�S�DFVWDFA�TªÓ¥AC<&S � Ø 	ÉVW<�Ö&Ø 	 dI[!ACY�DFA�VCJ�[�X�VCJ�D3Ý�AKD@]�GIHoVWD@]ºÔ!Ø�Ø�X�S ]�GI[�S�DFVWDFA@8ªÄ2VWD@dIdI[!A
[!VCS�<&TWÝ;J�DFACDUS�<2]�D@dITaÝ�ACD@]PGIHoV�VCJ�[!VÂVCJ�DU?�XPGeÓ�<�A�S ]�GcTWB=]�GI[�SUDFVWDFAKTÂTCJ�<&?PdI]=��D�<&X�dIf � 	 dI[!ACY�DFAi[!V � 8 � ��Sº8
½�<�A��Þà�f�A@LM¯ "�?�[!VCGe<&X × � Ý�ACD@]�GIHoVCT�[�X�Ô!Ø�ØºX�S ?�X�GIÓ�<�AKS�Ü	]�GITWB�]�GI[�S�DFVWDFA�<�Ó � 8 � SÀ[�TFL�GIX [!Y�ACDFD@S�D@X�VQE�GeVCJ
VCJ�DºS�D@[�TC?�ACD@] [�X�Y&?�dI[!A�]�GI[�SUDFVWDFA@8®¯ "�?�[!VCGe<&X ×�*�LªÛ�ViVW<�VCJ�D�ÚªOÆ°_]�[!VC[
Y&GIÒ�D@T�[�Xß[�X�Y&?�dI[!A�]�GI[�S�DFVWDFA�<�Ó
Ö�8 � SU[�T@8iÒ![�X�`¾D@dIdeD '6×�)�)�)���,QX�<�VCGIHoD@]
VCJ�GIT�]�GITKHoACDFÝP[�X�Hof¬�P?�VQ[!VWVWAKGe�P?�VWD@] GIVaVW<=VCJ�DÇÒ�[!AKGc[!VCGe<&X
<�Ó¾[�X�Y&?�dI[!A
]�GI[�SUDFVWDFAQE�GeVCJ�dI?�SÀGIX�<&TCGeV1f#HFdI[�TCTFL�Y&GeÒ�GcX�Y�D�"�?�[!VCGI<&X�T�Ó�<�AidIGISi��Ü	]�[!ACB�D@X�D@]
]�Gc[�S�DFVWDFAKTQHo<&X�TCGcTWVWD@X"VQE3GeVCJ
VCJ�D
:¬[!ACBº°C°C°Æ]�[!VC[ÍÓ�<�A�SU[�GIX¬TWD�"�?�D@X�HoDiTCVC[!AKT3[�XP]=E�GIVCJºVCJ�DÇÚ�OÆ°Æ]�[!VC[ÍÓ�<�AaDFÒ�<&deÒ�D@]
TWVC[!AKT@8�O\J�GIT\Doã�ÝPdc[�X�[!VCGe<&X
GITQX�<�VQVCJ�DUHo<&S�ÝPdeDFVWDÀ[�XPTWEªDFAiTCGIX�HoDÇVCJ�DUTWVC[!A�TQ<��PTWDFACÒ�D@]®E�GeVCJ VCJ�DÀ:¬[!ACB
°C°C°�GcX
VCJ�GIT�VWD@S�Ý�DFAK[!VC?�AKD�AK[�X�Y�D
Ho<&X�TCGcTWVi<�ÓaSU[�GIX TWD�"�?�D@X�HoD�L'Y&Gc[�X"VFL¾[�X�] TC?�Ý�DFACY&GI[�X�V9TCVC[!AKTÇ[�X�]ßVCJ�DFfå[!ACDº[�dId�Ho<&X�TKGITWVWD@X�V9E3GeVCJßVCJ�DºTC[�S�D
TC?�AKÓ¥[�HoDQ��A�GeY&J"VCX�D@TCT�ACD@dI[!VCGe<&XPTCJ�GeÝ�8 Ù�DidID@[@Ò�D_VCJPGITÆ]�GITCHoAKDFÝP[�X�HofÍ?PX�Doã�Ý;dI[�GIX�D@]M8

� 
 Ì � � � �����

°6Xß[�]�]�GeVCGe<&XåVW< VCJ�D@GeA�[!Ý�ÝPdIGcHF[!VCGe<&X�VW<�]�DFVWDFAKSÀGIX�GIX�Y=Doá�D@HoVCGeÒ�DºVWD@SUÝ�DFA�[!VC?�ACD@TFL'[�HFHF?�A�[!VWD@def®D@TWVCGcSU[!VWD@]
[�X�Y&?�dc[!A3]�GI[�SUDFVWDFAKT3[!AKDiX�DFD@]�D@]=Ó�<�A�HF[�dIGe�PAK[!VCGe<&X#<�Ó¡<�ÝPVCGIHF[�d�GIX�VWDFACÓ¥DFAC<&S�DFVWACf#]P[!VC[28�R3T3E¾D_ÝP?�TKJ#VW<ÍdI<&X�Y�DFA
�P[�TWD@dcGIX�D@TFL�GeV3GcT3��D@Ho<&SUGcX�YÍGIXPHoACD@[�TCGIX�Y&dIf�]PG.-ÀHF?�deV3VW<�ÛPX�]=TCVC[!AKT�VCJ�[!VQ[!ACDÇTCSU[�dId5D@X�<&?�Y&J VW<º[!Ý�Ý�D@[!AQ?�X�ACDoÜ
TW<&deÒ�D@]�8��3X�dID@TCT¾EªD�ÛPX�]t[9E¾[�fÍVW<ÇVWAK[�XPTWÓ�DFAÆVCJ�D�HF[�dcGe��AK[!VCGe<&XÍÓ¥AC<&S TCJ�<�ACV¾VW<Ude<&X�Y9�P[�TWD@dIGcX�D@TFL�VCJ�D("�?�[�dcGeV	fU<�Ó
<�Ý�VCGIHF[�d�GIX"VWDFAKÓ�DFAC<&SUDFVWAKGIHQ]�[!VC[�E3GIdId�ACD@SU[�GIXºdcGISUGeVWD@]t��fÍ<&?�A3[!�PGIdIGeV1fÀVW<ÀHF[�dcGe��AK[!VWD�8



� ×�2 �

°$VÆJ�[�T�de<&X�YÇ��DFD@X�HF?�TWVW<&SU[!ACfÍVW<ÇÛ�VÆ[9?PX�GeÓ¥<�AKS ]�GcTWBÀS�<2]�D@d;VW<�VCJ�D�Ò�GITKGe�PGIdIGIV	fÇ]�[!VC[2L�VCJ�D@X�Ho<&X"Ò�DFAKV\VCJ�D
?�X�GIÓ�<�AKS ]�GITWB¬]�GI[�S�DFVWDFA�VW<º[�dIGISi� ]�[!AKB�D@X�D@] Ò�[�dI?�D9?�TKGIX�Y�[tHo<�AKACD@HoVCGe<&X
Ó�[�HoVW<�A@8_O\J�GcT�VWD@H�J�X�G>"�?�DÇGIT�?�TWD@]
��D@HF[�?�TWDaGeV�HFdeD@[�X�dIfÇTCDFÝP[!AK[!VWD@T¾VCJ�D3]P[!VC[2L�ACDFÝPACD@TWD@X�VWD@]À��f�VCJ�D3?PX�GeÓ¥<�AKS ]�GITCB9]�Gc[�S�DFVWDFA@L�Ó�AC<&S VCJ�D3]�DFVC[�GIdIT'<�Ó
VCJ�DÇTWVWD@dIdI[!A�S�<2]�D@dIT3X�DFD@]�D@] VW<tHo<�AKACD@HoV�Ó�<�A�VCJ�DÇdIGISi�¬]�[!AKB�D@X�GIX�Y�8a`ªf¬Ho<&X"Ò�D@X�VCGe<&XMLMVCJ�DÇHo<&X�Ò�DFAKTCGe<&X Ó�[�HoVW<�A
GITaVCJ�D9AK[!VCGe<�<�Ó�VCJ�DÇ]PGI[�S�DFVWDFA�<�Ó�VCJ�DÇdIGISi��Ü	]�[!AKB�D@X�D@]=VW<�VCJ�D�?�XPGeÓ�<�A�SÇÜ	]�GITWBºS�<2]�D@d5E�J�D@X VCJ�DÇS�<2]�D@dIT�[!ACD
Ó¥<�AKHoD@]UVW<_[!Y�AKDFD3[!V �_± � Ø � � '�ba[�X"�;?�ACfÇ`ªAK<�E�XÀDFV�[�d£8P×�)+*4Ö ,�8�O�J�GIT¡Ho<&X�Ò�DFAKTCGe<&X�Ò![!AKGeD@T'��f�[QÓ¥DFEâÝP[!ACVCT�GIXU[
VCJ�<&?�TK[�X�]Â]�DFÝ�D@X�]�GcX�YÆ?�Ý�<&XÂJ�<�EåVCJ�DªSU<�]�D@dcT�[!ACD'Ó¥<�AKHoD@]iVW<3[!Y�ACDFD�8¡RaT�VCJ�D¾[�HFHF?�AK[�HofQ<�Ó�GIX�VWDFACÓ�DFAK<&S�DFVWAKGIHF[�dIdIf
]�DFVWDFAKSÀGIX�D@]#[�X�Y&?PdI[!A�]�GI[�SUDFVWDFAKT\TC?�AKÝP[�TCTWD@TÆVCJ�DÀ×
	*deDFÒ�D@dxL�VCJ�GIT\SUDFVCJ�<�]=E�GIdId�X�<Íde<&X�Y�DFA\E¾<�ACB�L;[�X�]#GIV\E�GIdId
��DÂX�D@HoD@TCTC[!AKftVW<ÀÛ�VÆVCJ�DÂ]�[!VC[U]PGeACD@HoVCdefÍVW<ÍdIGISi�º]�[!ACB�D@X�D@]=S�<�]�D@dITF8

°6XUVCJPGIT'ÝP[!Ý�DFA@L"EªD�J�[@Ò�DaÝ�ACD@TCD@X"VWD@]ÍS�D@[�TC?�ACD@]t[�X�Y&?�dc[!Aª]�GI[�SUDFVWDFAKT'Ó¥<�A¾Ô�ÕiTWVC[!AKTFL2S�<�ACD3VCJ�[�XtJ�[�deÓ�E�GeVCJ
Ó¥<�AKSU[�d�DFACAC<�AKT�deD@TCT5VCJ�[�X�×
	t8�R3dIVCJ�<&?�Y&J9GeV GcT�Y�<�<�]9VW<QHFdI[�GIS J�GeY&Ji[�HFHF?�AK[�Hof9�P[�TWD@]i<&XÇGIX"VWDFA�X�[�d�Ho<&XPTCGITWVWD@X�Hof
[!ACY&?�SUD@X"VCTFL�GeV¾GITª��DFVWVWDFAÆVW<ÇHo<&X�Û�A�S VCJ�[!VÆ[�HFHF?�A�[�HofÀ�P[�TWD@]t<&XtHo<&X�TCGITCVWD@X�HofUE�GeVCJÍ<�VCJ�DFA�ACD@TC?PdeVCTF8¡R3dIVCJ�<&?�Y&J
TWDFÒ�DFAK[�d�GIX"VWDFAKÓ�DFAC<&SUDFVWDFAKTÀ[!ACDºÝPAC<�]P?�HFGIX�Y
TWVWD@dIdI[!AU[�X�Y&?�dI[!AU]�GI[�SUDFVWDFAKTFLªSU<&TWVU<�ÓaVCJ�Dº<��PTWDFACÒ![!VCGe<&X�TÀ[!ACD#[!V
]�G¶á�DFACD@X�VÂE�[@Ò�D@deD@X�Y�VCJPTi<�A9<�ÓÆ]�G¶á�DFACD@X�ViTWVC[!AKT@8tÙ GeVCJ®VCJ�[!V9HF[�Ò�D@[!VFL'VCJ�DtHo<&S�ÝP[!AKGITC<&X�<�ÓÆ<&?�AiACD@TC?�deVCTÂE�GeVCJ
<�VCJ�DFA3ÝP?��PdIGcTCJ�D@]À]PGI[�S�DFVWDFAKT\[!V3TCGISUGIdc[!A¾E�[@Ò�D@dID@X�Y�VCJ�TaGITÆTC[!VCGITWÓ�[�HoVW<�ACf�8

O�J�D'Ho<&S�ÝP[!AKGcTW<&XQ<�Ó2<&?�A�ACD@TK?�deVCTME�GIVCJ�ÝP?��PdIGcTCJ�D@]aGIX�Ó¥AK[!ACD@]Q]�GI[�SUDFVWDFAKT�GIT�TC<&S�DFE�J�[!V�SU<�ACD'Ý�AC<��;deD@SU[!VCGIH!8
O\J�DQÚªOÆ°ªGIX�Ý;[!ACVCGIHF?�dI[!AÆJ�[�T�ÝPAC<�]P?�HoD@]�[UdI[!ACY�DQX�?�S_��DFAÆ<�Ó�]�GI[�S�DFVWDFA\SUD@[�TC?�ACD@S�D@X�VCTFL��;?�V�VCJ�DFACDÂ[!ACDQ<&X�dIf
Û�Ò�DtTWVC[!AKTÇGIX®Ho<&SÀS�<&X®��DFV1EªDFD@Xß<&?�A9dIGITWV_[�XP]®VCJ�D@GIAKTF8#½�<�AÇVCJ�D@TWDÍÛ�Ò�D�L¡VCJ�DÍAK[!VCGe<&Ti<�Ó�GIX�Ó¥AK[!ACD@]�VW< Ò2GITC?�[�d
?�X�GIÓ�<�AKSÉ]�GITWB�]�Gc[�S�DFVWDFAKT¾[!ACDaGcXÀY�<�<�]t[!Y�ACDFD@S�D@X�VÆE�GeVCJÍTWVWD@dIdI[!A�[!VCS�<&TWÝ;J�DFACD�S�<�]�D@dITF8¡b�<4EªDFÒ�DFA�L�VCJ�D@TWD�Û�Ò�D
Ho<�Ò�DFAa<&X�def�[�TCSU[�dcd�AK[�X�Y�DÂ<�Ó Doá�D@HoVCGIÒ�DiVWD@S�Ý�DFAK[!VC?�ACD@TF8

O5<ÀSU[!B�DÇ[���AK<&[�]�DFA3Ho<&S�Ý;[!AKGITW<&XML;[�X=GIX�]PGeACD@HoVÆ[!Ý�Ý�AC<&[�H�J¬?PTCGIX�Y�TC?�AKÓ¥[�HoDi��AKGeY&J�VCX�D@TCT�ACD@dc[!VCGe<&X�TCJ�GIÝPTÆGIT
VCJ�D3��D@TCV�E¾DaHF[�X�]�<�L2[�deVCJ�<&?�Y&JÍGeVªGcT�X�<�V¾<�Ý�VCGIS9?�Sº8�Ù�DaÛPX�]UVCJP[!VªVCJ�D3AK[!VCGe<i<�Ó � 8 � ��S Ú�O\°�?PX�GeÓ¥<�AKS ]�GITCB
]�GI[�SUDFVWDFAKTQVW<=VCJ�DÍ:=[!AKB °K°C°aÔ!Ø�Ø¬X�S ?�X�GIÓ�<�AKS ]�GcTWB¬]�Gc[�S�DFVWDFAKTÂGIT_TCSU[�dIdeDFAQVCJP[�X�VCJ�DUA�[!VCGe<ºÝ�ACD@]�GcHoVWD@]���f
VCJ�DaS�<�]�D@dIT'Ó¥<�A¾Ho<�<&d�TWVC[!AKTFL2[�X�]Àdc[!ACY�DFAªÓ¥<�A¾E¾[!AKS TWVC[!AKT@8'O\J�D�]�GcTCHoACDFÝP[�X�HofÇÓ¥<�A¾Ho<�<&d�TWVC[!AKT¾Ho<&?�dI]U��D3VWD@dIdIGIX�Y
?�T�TW<&S�DFVCJPGIX�YÇGIX"VWDFAKD@TWVCGIX�YÇ[!��<&?�V�VCJ�D�ÝPJ"f2TCGIHF[�d�Ho<&X�]�GIVCGe<&X�T¾GIXtVCJ�D@GeA�<&?�VWDFA\[!VCS�<&TWÝ;J�DFACD@TF8¡°$VÆGITª]PG.-ÀHF?�deVªVW<
?�X�]�DFAKTWVC[�X�]�VCJ�DÂ]PGITCHoACDFÝP[�XPHofÀÓ¥<�A\E¾[!A�S TWVC[!AKT@8

O�J�GIT�E¾<�ACB
E¾[�TiÓ¥?PX�]�D@]
��f VCJ�D Ñ -ÀHoDU<�Ó\­a[@Ò![�d�^�D@TWD@[!AKH�Jß[�XP]�VCJ�D Ñ HoD@[�X�<�Y�AK[!ÝPJ�DFA9<�Ó�VCJ�DÀ­a[@Ò�f�8
O\J�GcTÂE¾<�ACB®SU[�]�D�?�TWDÍ<�Ó\VCJ�D#Ä�°W:=`�Ra7 dIGIVWDFAK[!VC?�ACDt]�[!VC[!�P[�TWD�L'<�Ý�DFAK[!VWD@] [!V ¦ 7ÂÄ�L'Ä�VWAK[�TW��<&?�ACY�L¡½�A�[�X�HoD�8
O\J�D�<��PTCDFACÒ�[!VCGI<&X�T�?�Ý�<&XßE�J�GIH�J VCJ�D�ÝP[!Ý�DFAUGITÇ�P[�TWD@])[!�PTC<�AC��D@]ßJ�?�X�]�ACD@]�T9<�Ó3J�<&?�AKTÇ<�Ó3<��;TWDFACÒ2GIX�Y VCGIS�D
E�J�GcHKJUE¾<&?�dI]ÍX�<�VªJP[@Ò�Da��DFD@XÍÝ�<&TCTCGe�;deD�E�GeVCJ�<&?�V�VCJ�Da]�D@]�GIHF[!VWD@]ÀTK?�Ý�Ý�<�ACV'<�ÓMVCJ�DaGIX�VWDFACÓ�DFAK<&S�DFVWDFA�<�Ý�DFA�[!VW<�AKTFL
¦ AK[�GIY#73D@XPGITW<&X�[�X�]®à�?�^3[!AC<�Y&GeDFE�GIHo>�8ÍÙ�DÍ[�dITC<#VCJ�[�X�B�:=GIB�DtÄ2J�[!<=[�XP]®:=[!AKB ¦ <&dI[@Ò2GeVC[ºÓ¥<�A_VCJ�DÍGIX�GeVCGI[�d
Ho<&X�TWVWA�?�HoVCGe<&Xt<�Ó�VCJ�DQ:=[!AKBÀ°C°C°¡[�X�]�^�<�Y�DFA\`ªD@dcd£L�`¾D@X�O [@f2de<�A\[�X�]tÚ [!<&dI<Ç7�G�`¾D@X�D@]�DFVWVW<�Ó¥<�AÆ?�TWDFÓ�?�dP]�GcTCHF?�T6Ü
TCGe<&XPTF8�½�GIX�[�dIdIf�L�EªD9E¾<&?�dI]#��D9X�DFY&dIGeY�D@X�V���f=X�<�Va[�HCB2X�<�E�dID@]�Y&GIX�YtVCJ�D_VCJ�<�AC<&?�Y&J
Ho<&SUS�D@X�VCTa<�Ó'[ÀACDFÒ2GeDFE¾DFA
E�J�<UdIDFÓ�V\J�GcTÆSU[!ACBt<&XºVCJ�GITÆÝ;[!Ý�DFAÆE3GeVCJº[UX�?�S_��DFAÆ<�Ó VCJ�<&?�Y&J�V6Ü¾[�X�]�E¾<�ACB�Ü�Ý�AC<4Ò�<�B�GcX�YUHo<&SUS�D@X�VCTF8



� ×�* �

���
����
�	�


���
�
� 
�
����
��

� �� �
�

� �� �
� �
��
� � �
�� �
 �
!"�
�
# �
"��$
!�
% �
!&�
'( �
�� � �
")

*+

, � -
"

.0/1

2 /.

30/.

40/4

40/5

6 /3

70/8

99 /
2
930/
8
930/
2
950/
9
950/
2
950/
6
8.0/
9
8.0/
.
8.0/
4
86 /
1
86 /
4
850/
9
.9

94
3

4
::
:

::
:

::
:

::
:

3
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

97
::
:

::
:

::
:

9.

.

94
7

9.

98

.4

7
::
:

7
::
:

84

97

85
::
:

93
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

..
6

99

94

95

5
::
:

7
::
:

8.

85
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

41
.

99

92

8.

7
::
:

7
::
:

86

91

82
::
:

81
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

49
6

94

93

95

5
::
:

7
::
:

86

82

88
::
:

2 8
::
:

::
:

8.
::
:

::
:

::
:

::
:

::
:

:

42
.

5
::
:

94
::
:

::
:

::
:

::
:

6

7

3
::
:

::
:

::
:

4
::
:

::
:

5
::
:

5
::
:

7.
2

4
::
:

::
:

::
:

::
:

::
:

::
:

::
:

91

2
::
:

::
:

::
:

6
::
:

::
:

5
::
:

::
:

::
:

:

72
.

7
::
:

::
:

::
:

::
:

::
:

::
:

4

6

3
::
:

::
:

::
:

4
::
:

::
:

7
::
:

99
::
:

59
9

.

7
::
:

6
::
:

2
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

58
9

.
::
:

94
::
:

::
:

::
:

::
:

98
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

91
96

4
::
:

8
::
:

::
:

::
:

::
:

92
::
:

3
::
:

::
:

::
:

6
::
:

::
:

5
::
:

6
::
:

:

98
.9

2
::
:

91
::
:

::
:

::
:

::
:

2
::
:

::
:

3
::
:

::
:

::
:

::
:

.
::
:

::
:

::
:

::
:

:

9.
6 .

98
::
:

::
:

::
:

::
:

::
:

::
:

93

99

.5
::
:

::
:

::
:

::
:

::
:

93
::
:

8.
::
:

::
:

92
15

5
::
:

::
:

::
:

::
:

::
:

::
:

6
::
:

::
:

3
::
:

2
::
:

93
::
:

::
:

2
::
:

::
:

92
36

7

98

3

7
::
:

9.
::
:

98
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

93
66

6
::
:

98
::
:

::
:

::
:

::
:

5
::
:

8
::
:

::
:

::
:

97

8
::
:

::
:

::
:

::
:

::
:

:

94
19

5
::
:

92
::
:

::
:

::
:

::
:

91
::
:

::
:

9
::
:

9
::
:

7
::
:

::
:

92
::
:

::
:

:

94
13

4
::
:

::
:

::
:

::
:

::
:

::
:

::
:

2

8
::
:

::
:

::
:

::
:

5
::
:

::
:

::
:

93
::
:

81
59

98
::
:

93
::
:

::
:

::
:

::
:

3

87

85

6
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

88
94

91

.

93
::
:

::
:

::
:

::
:

.

.3
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

88
74

6
::
:

5
::
:

::
:

::
:

7

.

81
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

82
6 .

6
::
:

7
::
:

::
:

::
:

::
:

2

95
::
:

::
:

::
:

::
:

::
:

::
:

2
::
:

::
:

8
::
:

:

82
59

4
::
:

3
::
:

::
:

::
:

::
:

.

6
::
:

2
::
:

::
:

::
:

::
:

91
::
:

::
:

::
:

::
:

:

85
2 .

99

99
::
:

91
::
:

91
::
:

::
:

::
:

::
:

::
:

3
::
:

::
:

99
::
:

::
:

92
::
:

96

85
51

96

98

96

7
::
:

9.
::
:

6

5

4
::
:

94
::
:

9
::
:

::
:

::
:

::
:

::
:

::
:

:

.8
2 5

4
::
:

2
::
:

::
:

::
:

::
:

.

4

.
::
:

::
:

4
::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

.3
26

3
::
:

.
::
:

::
:

::
:

::
:

8

4
::
:

::
:

::
:

7
::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

.6
13

5
::
:

92
::
:

::
:

::
:

::
:

8

97

3

6
::
:

::
:

2
::
:

::
:

::
:

::
:

::
:

::
:

:

.6
2 7

4
::
:

98
::
:

::
:

::
:

::
:

::
:

3
::
:

91
::
:

6
::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

.7
6 .

7
::
:

::
:

::
:

::
:

::
:

::
:

8

7

2
::
:

::
:

7
::
:

::
:

::
:

.
::
:

::
:

::
:

2 1
45

98

2

88
::
:

::
:

::
:

9

2

97

6
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

2 .
19

6
::
:

::
:

::
:

::
:

::
:

::
:

::
:

98

6
::
:

::
:

::
:

91
::
:

::
:

3
::
:

::
:

::
:

:

2 .
.3

9
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

6
::
:

:

2 .
66

6
::
:

::
:

::
:

::
:

::
:

::
:

::
:

99

6
::
:

::
:

::
:

93
::
:

::
:

::
:

::
:

2
::
:

:

22
.2

4
::
:

98
::
:

::
:

::
:

::
:

::
:

91
::
:

::
:

::
:

::
:

99
::
:

::
:

::
:

::
:

::
:

::
:

:

2 3
96

2
::
:

6
::
:

::
:

::
:

::
:

9
::
:

::
:

4
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:



� ×@Ô �

���
����
�

�
� �
���
���

�

� �� �
�

� �� �
� �
��
� � �
�� �
 �
!"�
�
# �
"��$
!�
% �
!&�
'( �
�� � �
")

*+

, � -
"

.0/1

2 /.

30/.

40/4

40/5

6 /3

70/8

99 /
2
930/
8
930/
2
950/
9
950/
2
950/
6
8.0/
9
8.0/
.
8.0/
4
86 /
1
86 /
4
850/
9
.9

2 5
91

.
::
:

::
:

::
:

::
:

::
:

.
::
:

99
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

2 5
.8

99
::
:

::
:

::
:

::
:

::
:

::
:

::
:

99

5
::
:

::
:

98
::
:

::
:

98
::
:

8

8
::
:

38
.3

82

2

2

.
::
:

.

8.
::
:

9.

84
::
:

::
:

89
::
:

::
:

..
::
:

9
::
:

::
:

3.
2 1

6

92

89
::
:

::
:

4
::
:

9
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

33
4.

9.

2

.
::
:

::
:

.

4

.

81

91
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

33
75

6

8

7

9
::
:

9
::
:

::
:

3
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

34
18

3
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

92
::
:

::
:

7
::
:

::
:

::
:

34
79

98
::
:

::
:

::
:

::
:

::
:

::
:

::
:

9.

98
::
:

::
:

5

92
::
:

::
:

99

4
::
:

::
:

37
32

91
::
:

::
:

::
:

::
:

::
:

6
::
:

99
::
:

::
:

::
:

9.
::
:

::
:

8.
::
:

5
::
:

::
:

:

41
34

5

8

2

9
::
:

2

3
::
:

91
::
:

::
:

::
:

2
::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

49
.8

7
::
:

::
:

::
:

::
:

::
:

::
:

.

5
::
:

::
:

::
:

::
:

98
::
:

::
:

99
::
:

::
:

::
:

:

49
.2

8

3

6
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

49
2 4

4

3

88
::
:

::
:

2
::
:

3
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

49
2 7

.9

3

88

99
::
:

3

.4
::
:

99

89
::
:

::
:

8.
::
:

::
:

44

8.

9.

99
::
:

48
98

92
::
:

::
:

::
:

::
:

2
::
:

::
:

99

5
::
:

::
:

9.

9.
::
:

::
:

7

91
::
:

::
:

48
81

9
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

5
::
:

:

42
14

3

.

4
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

42
97

99

3

3

8
::
:

3
::
:

::
:

98

6
::
:

::
:

::
:

::
:

::
:

::
:

::
:

8
::
:

::
:

:

43
.4

98
::
:

::
:

::
:

::
:

::
:

::
:

3

98

99
::
:

::
:

::
:

9.
::
:

::
:

5
::
:

.
::
:

:

44
8.

92
::
:

::
:

::
:

::
:

::
:

::
:

::
:

5

3
::
:

::
:

98
::
:

::
:

7

6

98
::
:

::
:

44
53

9.
::
:

::
:

::
:

::
:

::
:

::
:

2

91
::
:

96
::
:

::
:

3
::
:

::
:

3
::
:

3
::
:

46
13

7

9

6
::
:

::
:

::
:

::
:

2

91

99
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

6 1
19

94

9
::
:

::
:

::
:

::
:

::
:

99

9.
::
:

89
::
:

9

3
::
:

::
:

4
::
:

2
::
:

6 9
.5

4
::
:

5
::
:

::
:

::
:

::
:

2

98
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

6 9
36

99

9

89

6
::
:

6
::
:

99
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

6 .
91

3
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

4
::
:

::
:

::
:

9.
::
:

::
:

.
::
:

::
:

::
:

:

62
13

9.
::
:

::
:

::
:

::
:

::
:

::
:

92
::
:

::
:

95
::
:

2
::
:

5
::
:

::
:

::
:

4
::
:

62
96

5
::
:

6
::
:

::
:

::
:

::
:

7
::
:

3
::
:

::
:

2
::
:

91
::
:

::
:

::
:

7
::
:

6 3
83

8.

8

5

7
::
:

91

.

3

96

.

8.
::
:

3
::
:

91
::
:

::
:

::
:

::
:

::
:

:

6 3
.4

9.
::
:

6
::
:

99

6

2

99

98
::
:

92
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

6 3
36

.4

2

99

6
::
:

91
::
:

93

98
::
:

82
::
:

92
::
:

5

8.
::
:

91

9
::
:

6 4
.3

81

8

91

99
::
:

98
::
:

3

2

.

8.
::
:

3
::
:

99
::
:

::
:

::
:

::
:

::
:

:

66
.3

4
::
:

::
:

::
:

::
:

::
:

::
:

91
::
:

::
:

::
:

::
:

::
:

99
::
:

::
:

9.
::
:

92
::
:

:

66
39

96

8

4
::
:

::
:

4
::
:

9.

94

6
::
:

::
:

::
:

97
::
:

::
:

89
::
:

9
::
:

:

66
54

81

9

99
::
:

::
:

::
:

::
:

4

9

5
::
:

::
:

::
:

9.

9
::
:

98
::
:

91
::
:

6 5
82

83

.

5

91
::
:

98
::
:

6

89

91
::
:

::
:

::
:

4
::
:

::
:

98
::
:

9
::
:

:



� ×�) �

���
����
�

�
� �
���
���

�

� �� �
�

� �� �
� �
��
� � �
�� �
 �
!"�
�
# �
"��$
!�
% �
!&�
'( �
�� � �
")

*+

, � -
"

.0/1

2 /.

30/.

40/4

40/5

6 /3

70/8

99 /
2
930/
8
930/
2
950/
9
950/
2
950/
6
8.0/
9
8.0/
.
8.0/
4
86 /
1
86 /
4
850/
9
.9

6 5
2 5

92
::
:

9.
::
:

::
:

::
:

::
:

6

9

7
::
:

::
:

::
:

6

7
::
:

7
::
:

96
::
:

71
6 5

86

8

7

5
::
:

5
::
:

.2

83

.6

..
::
:

::
:

.8

7
::
:

2 5
::
:

6
::
:

:

79
93

96
::
:

::
:

::
:

::
:

::
:

::
:

5
::
:

7
::
:

::
:

99

91

97
::
:

8

4

99
::
:

78
83

5
::
:

::
:

::
:

::
:

::
:

::
:

98
::
:

::
:

87
::
:

5
::
:

92
::
:

::
:

::
:

::
:

::
:

7.
17

98

.

7

99
::
:

99
::
:

.

9
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

7.
94

5

8

95

6
::
:

::
:

::
:

6
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

72
92

2
::
:

5
::
:

::
:

::
:

::
:

3
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

3
::
:

::
:

:

72
43

91

8

4

7
::
:

4
::
:

4
::
:

5
::
:

::
:

::
:

7
::
:

::
:

98
::
:

::
:

::
:

:

74
46

92

9
::
:

.
::
:

6
::
:

::
:

::
:

::
:

::
:

::
:

2
::
:

::
:

3
::
:

98
::
:

::
:

74
72

93
::
:

::
:

::
:

::
:

8
::
:

2

5
::
:

::
:

::
:

2
::
:

::
:

2
::
:

5
::
:

::
:

74
57

91
::
:

99
::
:

::
:

::
:

::
:

3

4
::
:

7
::
:

5
::
:

8
::
:

::
:

::
:

::
:

::
:

:

76
6 3

93

92

91

91
::
:

94
::
:

.8
::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

::
:

:

76
54

91
::
:

99
::
:

::
:

::
:

::
:

7
::
:

::
:

92
::
:

5
::
:

81
::
:

::
:

::
:

9.
::
:



� � Ø �

O [!�PdeD � 8 R3X�Y&?PdI[!A\7�GI[�S�DFVWDFAa:=D@[�TC?�AKD@S�D@X"VCT

���������
	���
������������
������	�
����
���! ��"	��$#%�&�
�(' )*���,+-
��
	��.�/���10
2�3 4��
�5� 6.7
75��� 8
8
79��� 8
7
7,��� :;8=<>��� 
��������! ��/	?#��&�.��'

<"@.8 AB����0 C�D 6;EF:&G>7�H 7
C
I C�D @�:.C&G>7�H�<"6KJ C�D @
@.C�G>7�H 7K8=< C�D @KJL:MG>7�H 7KE�J :�D�<"C
@�G>7�H 7�:N<
<"@
6 OQPR�.� 8�D J
6�:&G>7�H 7.8�C 8=D�<
<"C&G>7�H 7KE
J 8=D�<
<1@�G>7�H J�<1J :ND 6.I
7&G>7�H 7
I
6 8=D @
7
6�G>7�H 7.8
@
C
CKE ST����0 <1J�DUE�6.J5G>7�H�<1J�6 <FJ=D :K8
75G>7�HUJ�I;E <1J=D�<"I.I�G>7�H�<LE;< <
<.D 6�</:&G>7�HUJ�I
C <1C�DVEF:.I�G>7�H�<"C;E
@
7
C W�X>����0 E=D CKJ�@�G>7�H 7KELC E;D�<
<"7&G>7�H�<"7.7 @�D 6
I;E,G>7�H 7.IKE @�D 8
C.8�G>7�H�<"C�< E;D 6�</:&G>7�H 7KE�6
@�<FE OQ��	�� @�D :K7KE,G>7�H 7
@�: @�D�<18�C&G>7�H 7
6.@ @�DUJ�@.C�G>7�H�<FJ�7 8�DUE�I.8�G>7�H�<
<"@ @�D 6.J.E,G>7�H 7
@.6
@�:.C @
7�����0 J�D 6KJL:&G>7�H 7�:;E J=DU8�I
I&G>7�H 7
@.7 Y"Y/Y Y"Y/Y J=D I
7KE,G>7�H 7�:K6
6
C�: Z\[]�"	 :ND I;E
E,G>7�H 7.8=< :�DVEL6
7&G>7�H 7
6.C Y"Y/Y Y"Y/Y 8=D C
6�<$G>7�H 7.8.8
6�:.C <LE9[]�"	 C�DUE.E
E,G>7�H 7
C
6 C�DU8.E�J�G>7�H 7
6;E Y"Y/Y Y"Y/Y :�D 7.8�@�G>7�H 7�:N<
I�<
< OQP^�/ <1J�D J
@
I�G>7�HUJ�CKE Y/Y"Y <
<
D :;E�C�G>7�H J.8=< <
<.D CKJ
85G>7�H :�<"7 <1C�DUJ�C
6�G>7�HUJ
8
@
I.J=< _`[]�"	 <18�D 7.6.85G>7�H�<18=< <F8=D C.8.8,G>7�HUJ
J
I Y"Y/Y Y"Y/Y <1@�DU8
8
85G>7�H�<"@.@
<17�<LE Oa[]�"	 C�D 7K8
85G>7�H 7
C�: J=D I
6
@&G>7�H 7�:;J Y"Y/Y J�DUE�I
C&G>7�H 7.8�@ C�D�<"6
6�G>7�H 7
CK8
<FJ�C�< Wcbd	�� 6�D @.@
6�G>7�H�<"@�< 6�D C
@�<?G>7�H�<"C.I Y"Y/Y Y"Y/Y I�D C
C.J5G>7�H�<FE�C
<1CKE�C A1X>ef��� J�D J
7KE,G>7�H 7
C�< J=D�</:.C&G>7�H 7
C�< Y"Y/Y J�D�<FJ�7&G>7�H 7
@
6 J=D C
C
6�G>7�H 7
C.C
<":.7.I ghef��� J�D 8.J
J5G>7�H 7
C
7 J=D :KJ
J�G>7�H 7
C
: Y"Y/Y J�D JKE�8�G>7�H�<"7
C J=D @KE;<$G>7�H 7
CKJ
<":K8KE OQef��� <"I�D @KJ�@�G>7�H�<"I
@ J
7�D 7�:.:�G>7�H @KE�7 <"I�D :.I�<$G>7�H J
I
7 <"I�D 7.7
@�G>7�H C
6
7 J�<
D 7
I
I�G>7�HUJ=<.<
<F8.E.E ij����	 E=D 7.7�:&G>7�H 7KEL7 @�DVEL6
@&G>7�H 7
IK8 Y"Y/Y @�DUE�6
@&G>7�H C
CKE E;DU8�7
7�G>7�H 7KE
8
<1@
7�< kNl9m�	�� J�D 8
I
6�G>7�H 7.8
J J=D :;E�J�G>7�H 7.8.8 Y"Y/Y Y"Y/Y J=DVEL6�<$G>7�H 7.8
@
<1@
7K8 gh����	 J�D 7.7
@�G>7�H 7
6.J Y/Y"Y <
D I�:K@�G>7�H 7K8�6 J�D 7.I�:MG>7�H 7�:KJ J=D 7
I
@�G>7�H 7
6.@
J
7
I�< kn����	 6�DUE�C.85G>7�H 7
6KE 6�D :�<FE5G>7�H�<"C.6 Y"Y/Y Y"Y/Y I�DU8
8�6�G>7�H 7
I.@
J.J=<1@ Z\o>�/� <"7�D I�</:&G>7�H�<"7
I <.<
D :KJ
@5G>7�HU8
8�< Y"Y/Y Y"Y/Y <.<
DVEL6
I�G>7�H�<
<16
J.J�6.@ p o>�/� <"C�D I.6
I�G>7�H�</:.7 <1C�D :.6.C5G>7�H�<"6.I Y"Y/Y Y"Y/Y <F8=D�<
<"6�G>7�H�<18�<
J�:;E�C gqo>�/� :ND :K7
@�G>7�H 7�:
: :�D :.@KE5G>7�H�<
<F8 Y"Y/Y :ND J.8�@&G>7�H�<18=< :�DVEL7
C�G>7�H 7�:=E
J�:.I�< OrPRst� 8�D 6KJ�C�G>7�H�<"7.8 Y/Y"Y Y"Y/Y 8�D :;J=<?G>7�HUJ
8
8 8=D I
I
C�G>7�H�<"7.6
J
I�:KC OQPRs-� 8�D J.J�6�G>7�H 7.8
J 8=D C.J�C&G>7�H 7KE
8 Y"Y/Y 8�D C.7.J�G>7�H�<"7
@ 8=D :
:.@�G>7�H 7.8�:
J
I
I.7 STo>�/� E=D 8.J�I�G>7�H 7KE�8 E;DUJ
8
8�G>7�H�<"7KJ E;D :�<":&G>7�H�<.<"C E=D�<1C�<?G>7�H�</:.C E;D I
6
7�G>7�H 7
6.7
CKJL:KI SuP^��v :ND 6.6.85G>7�H 7
@�: :�DVELIKE5G>7�H 7
6
: Y"Y/Y Y"Y/Y 8=DUJ�C
6�G>7�H 7
@.I
CK8.E�@ _w��st� 8�D J.J
J5G>7�H�<"C�: Y/Y"Y Y"Y/Y Y"Y/Y 8=D @�:.7�G>7�H�</:;8
C;EL7K8 OQ)yx;� E=D 7�<1J5G>7�H 7KEL7 @�DVE�8=<?G>7�H 7
IK8 Y"Y/Y Y"Y/Y E;DU8�C
6�G>7�H 7KE
8
C;EF:K6 Oa2�xK� I�D 7.6
6�G>7�H 7
I�< 6�DVEF:.7&G>7�H�<1J.J Y"Y/Y Y"Y/Y I�DVE�J.E,G>7�H 7
I;E
C.6KE�C gh)y�"� J�D :.:.@�G>7�H 7KEF: J=D :
:.@&G>7�H 7
@;E Y"Y/Y J�D :;J�I&G>7�H�<1J=< J=DU8.E�85G>7�H 7KE�6
:K7
@.I p ��st� E=D IKJL:&G>7�H 7KELI E;DU8.ELI&G>7�H�<"7.@ Y"Y/Y @�DUE
J�@&G>7�HUJ�I
@ 6�DU8�C
6�G>7�H 7
6K8
:KC
7�< OQ��st� @�D C.CKE,G>7�H 7
I
C @�D�<
<FE5G>7�H�<1J
6 Y"Y/Y @�D @.6
7&G>7�H�<"C�: @�DVELC
I�G>7�H 7
I.I
:KC
CK8 z{��st� C�D 6.@
@�G>7�H 7
C
I C�DVEL7
6&G>7�H 7
@�< Y"Y/Y Y"Y/Y :�D�<1J�7�G>7�H 7�:N<
:KCKE.E |\��st� :ND :.:KJ5G>7�H 7�:
: :�DUJ.E�J�G>7�H 7
@.7 Y"Y/Y C�D I.@
7&G>7�H�<"I
C :�DVE�8�I�G>7�H 7�:K6
:.:.C
: }~
�	(� 8�D I.@
C�G>7�H 7
@�: 8=D @�:K8�G>7�H�<
<1I Y"Y/Y Y"Y/Y @�D :.C
7�G>7�H 7
@.I
:;8=<LE |\����	 8�D @.6�<$G>7�H�<"7KE 8=D C
I�:MG>7�H 7
6;E Y"Y/Y Y"Y/Y @�D�<
<"@�G>7�H�<
<F8
:KI�<17 A�����	 I�D I�<
<$G>7�H 7
I
I I�D :.6
C&G>7�H�<"C.C Y"Y/Y Y"Y/Y <17�DVEL7
I�G>7�H�<"7;E



� � × �

O [!�PdeD � 
 ¦ <&X"VCGcX�?�D@]

���������
	���
���� � �����.�����
	�
��������/ ��/	(�$#��&�.��' )y���9+ 
>��	��
�/���"0
2�3 4��
�5� 6
7.79��� 8.8�7,��� 8�7
7,��� :K8�<���� 
��������/ ��/	,#��&�
�('

:.I.C.J g ����	 C�D�<
<F85G>7�H 7.C�< C�D 7.7�<?G>7�H 7�:KJ Y/Y/Y J=D I
C
:&G>7�H�<17.J C�DUJ�6.C�G>7�H 7.C
C
8
J
C.8 Z��R�K� J=D�<FE�@�G>7�H 7KJL: J�D�<FJ�@&G>7�H 7
C
7 Y/Y/Y J=D�<
<1C�G>7�H 7
:KJ J=DUJ�@.I�G>7�H 7KJ
8
8�C
:.7 O��R�K� <"I�D I
IK8,G>7�H J
C�< <"I�D :=ELC&G>7�HUJ.ELC <16�D 6�:.6�G>7�HUJ�@
: <"6�D I.JKE9G>7�H :K@
C J=<.D C;ELC5G>7�H J�:;E
8
8
@
C ST��s-� I�D @
7.6�G>7�H 7.I
@ I�D J.J�@&G>7�H�<1J�I Y/Y/Y 6�D 6�:;J5G>7�H�<16.8 <"7�D C.7�< G>7�H�<17
C
8
8
6
I 3 ��s-� I�DVEL6.7�G>7�H�<F8.E Y"Y/Y Y/Y/Y Y/Y"Y <"7�D 8
6
65G>7�H�<LEL7
8�@.7.J S��R�K� J=D C.8
7�G>7�H 7.@.J J�D J
6
@&G>7�H 7
C.J Y/Y/Y J=D 7
@.I�G>7�H 7.IKE J=D :;E.E,G>7�H 7.@.8
8�@.6�< A��R�K� J=D @
7.I�G>7�H 7KJ�6 J�D 8
C
6&G>7�H 7
C
@ Y/Y/Y J=D :.6.@�G>7�H�<.<"7 J=DVEL@
:&G>7�H 7.C
7
8�6K8L: O��;�/	 :�DU8
8KE,G>7�H 7
:.@ :ND C.I.8�G>7�H 7
@.J Y/Y/Y :�DUJ�IK85G>7�H�<17�< :�D 6�:K@�G>7�H 7
:.6
@
7K8�@ A m��
	 I�DVE;<":&G>7�H�<17
I I�D J.8
8�G>7�H�<"C
7 Y/Y/Y 6�D @
@
:&G>7�H C;EF: <"7�D :=E;< G>7�H�<.<FE
@�<1C.J Z\
�	�� C�DU8�CK85G>7�H 7.@KE C�D C.I
6&G>7�H 7.8�6 Y/Y/Y C�D C
C.C�G>7�H 7.6
7 C�DVE�J.J5G>7�H 7;E;<
@�<1C�: O��=v!� C
6�DVE�JKE9G>7�H C.6
I C
I�D 6K8
J�G>7�HU8
8�6 Y/Y/Y Y/Y"Y C
I�DUE
8�I5G>7�H C.I
I
@�<":.@ C.7,2��/	 <FE;DU8L:K75G>7�H�<LE�8 J=<.D 7.6�:MG>7�HU8L:.C J�<
D @�<1J5G>7�H 6.8
I Y/Y"Y <"I�D 7.6
@5G>7�H�<1I�<
@�<":.6 Sn2��/	 C�DUJ�6K85G>7�H 7.C
C C�D J
7�:MG>7�H 7�:K8 Y/Y/Y C�D 7
6.@�G>7�H 7.@.J C�D :.@KJ5G>7�H 7.C.8
@.J�<1J ��2��/	 J=DUJ�@�<$G>7�H 7
:.I J�D�<1C
C&G>7�H 7
C
7 Y/Y/Y <
D I
6.I�G>7�H 7
:.I J=D C
@;E,G>7�H 7K8=<
@.J.J�7 Zw2��/	 J=D :.6.6�G>7�H 7.C.J J�D C
:
:MG>7�H 7.8=< Y/Y/Y Y/Y"Y J=D @.J�:&G>7�H 7.C�:
@�:K7
@ O]X>2��/	 C.8=D 7
I�< G>7�H :;J�6 C
@�D 6KJ�I&G>7�HU8�@
7 Y/Y/Y Y/Y"Y C
@�D 7KJ�@5G>7�H :KC
I
@�:N<"6 k 2��/	 :�D I�:;J5G>7�H 7.@
C :NDUEL:;E5G>7�H 7
@
@ Y/Y/Y Y/Y"Y 8=DUJ.E
85G>7�H 7.@KE
@.8
C
@ ST
�	�� C�D 7.8
I�G>7�H 7K8�7 J�D I.I.8�G>7�H 7.8.E Y/Y/Y J=D I�:KI�G>7�H 7.I
@ C�DUJ
J.85G>7�H 7K8�C
@
@KJ�C p 2��/	 <
D 6
@.C�G>7�H 7.CKE <.D 6.7
6&G>7�H 7.J
8 Y/Y/Y <
D @
7.I�G>7�H 7;EL@ <
D I.8
C�G>7�H 7.C
I
@
@.I.8 � 2��/	 J=D IKE�@�G>7�H 7.C
7 J�D 6.I.8�G>7�H 7�:�< Y/Y/Y Y/Y"Y C�D�<FE�7�G>7�H 7.C.J
@KE�7.8 Wc
�	�� I�D�<"I.C�G>7�H�<.<"I 6�D 6�<"C&G>7�HUJ
8�I Y/Y/Y Y/Y"Y I�D 6
@.7�G>7�H�<FJ�6
EL7.7�< OQ)yx;	 C�D�</:KI�G>7�H 7.C�< J�D I.I
@&G>7�H 7�:;E Y/Y/Y J=D IKE
85G>7�H 7K8�I C�DUJ
J.85G>7�H 7.C.J
E;<1C
I A�
$)yx;	 <"7�DU8=<FJ,G>7�H�<":KJ Y"Y/Y Y/Y/Y Y/Y"Y <
<.D 8
C
75G>7�H�<F8�@
E;<F8.E <"C�)yx;	 <"@�D @�<":�G>7�H J
7KE <"6�D 7.7.8�G>7�HUJ
8
J Y/Y/Y Y/Y"Y <"6�D 7�<"@5G>7�H J.JL:
ELC�<"7 A�
�	�� C�D 7KE
85G>7�H 7K8�7 J�D I;EL6&G>7�H 7�:KJ Y/Y/Y J=D 6.J�<$G>7�H 7.IKE C�DUJ
8�:&G>7�H 7K8�C
EF:K7.8 Oa� ��� :�D�<18�<$G>7�H 7
:KJ C�D I;EL@&G>7�H 7KEL6 Y/Y/Y Y/Y"Y :�D :K8
6�G>7�H 7
:K8
EF:N<FE S X$P^xK� :�DU8L:KC�G>7�H 7
:K8 :ND :=EL7&G>7�H 7
@
C Y/Y/Y Y/Y"Y :�D 6
C
:&G>7�H 7
:.6
E�8.J
8 W ���K� @�DVEL6.6�G>7�H 7.@
6 @�D 8
C
@&G>7�H 7
I.J Y/Y/Y @�D :.6.6�G>7�H J
7
@ E;DUJ.E=<$G>7�H 7;ELC
E�8
C
@ A��;�
� 6�D :KJ
@�G>7�H�<.<"7 6�D 8.J�@&G>7�HUJ.E;< Y/Y/Y Y/Y"Y I�D�<18�<$G>7�H�<.<"I
E�8.8.E OQ���K� C�D C�:K6�G>7�H 7.C
C C�D J
@
C&G>7�H 7�:.@ Y/Y/Y C�D�<
<F85G>7�H 7.@.J C�D :.@KJ5G>7�H 7.C.8
EL@.C.8 W��;�
� 8=DVELI.I�G>7�H 7K8�6 8�D 8
7
I&G>7�H 7KE
E Y/Y/Y Y/Y"Y @�DUJ
J.85G>7�H 7.@.J
E
E�C.8 C�<9P^xK� :�D 7
6.@�G>7�H 7
:�< C�D 6�<
<?G>7�H 7KELI Y/Y/Y Y/Y"Y :�D C
@KJ5G>7�H 7
:
:
E
E
8=< CKJ&P^xK� 8=D 7.J.J5G>7�H 7K8�7 :NDUE�@
@&G>7�H 7
@KE Y/Y/Y Y/Y"Y 8=D :KJ
C�G>7�H 7K8L:
E
E�I
@ WnP^xK� J=D 6
I�<$G>7�H 7KJ�I J�D 6�<
<?G>7�H 7
C
I Y/Y/Y J=DVEF:KI�G>7�H 7K8
8 C�D 7�<LE,G>7�H 7.C
7
ELIKJL: OrP^xK� J=D C
C;E,G>7�H 7K8�6 J�D J.8�@&G>7�H 7.8.E Y/Y/Y J=DUJL:K@�G>7�H 7K8
J J=D :KJ
7�G>7�H 7.@
7
ELI
:.I g P^xK� :�D C.8�:&G>7�H 7
:
: :ND JKEF:MG>7�H 7
@
7 :ND�<F8.E5G>7�H 7.8
6 :�D 7
6
:&G>7�H 7.6.J :�D @�<FJ5G>7�H 7
:.@
6
7;ELI � P^xK� 8=D C.8
I�G>7�H 7K8L: 8�D�<FJ=<?G>7�H 7KE�J Y/Y/Y Y/Y"Y 8=DVEL6;E,G>7�H 7K8�6



� ��� �

O [!�PdeD � 
 ¦ <&X"VCGcX�?�D@]

���������
	���
������ �����
�����
	�
��������! ��/	(�$#��&�
�(' )y���9+ 
��
	��.�/���10
2�3 4��
�5� 6
7.79��� 8.8�7,��� 8
7
7,��� :K8�<���� 
��������! ��/	9#%�&�
�('

6�<.<18 �`P^x;� J=D @
@
@&G>7�H 7.JKE J=D @�<1C�G>7�H 7.CKE Y"Y/Y J=DU8L:.@&G>7�H 7
@.7 J=D 6.J�<$G>7�H 7KJ�6
6.J.J
8 J�[]�/� :�DUJ�7�<?G>7�H 7�:.: :�D 7
6K85G>7�H 7;ELI Y"Y/Y Y/Y"Y :�DU8
J�<$G>7�H 7
:;E
6
C.7
6 gq[]�/� @�D I
@KE5G>7�HUJ�C
: @�DVE�J
C�G>7�H J
I.8 Y"Y/Y Y/Y"Y E;D :K8
I�G>7�H J.8=<
6
C�<"@ p P^��� <16�D @KE
J,G>7�H :.CK8 Y"Y/Y Y"Y/Y Y/Y"Y J�7�DU8�6
:�G>7�H :K6
7
6�:N</: OQ���K	 C�D 7KELC&G>7�H 7.8�: J=D I
@;E,G>7�H 7
:KJ Y"Y/Y J=DVELI
C&G>7�H�<"CK8 C�DUJ�C;E,G>7�H 7K8.E
6�:K@.8 � P^��� :�D 6
6.8�G>7�H 7�:KI :�DVEF:K@�G>7�H 7.@
@ Y"Y/Y Y/Y"Y 8=DUJ�C
:&G>7�H 7K8
J
6
@.@KE }~[]�/� J=DUJ
8=<?G>7�H 7�:;8 J=D�<18.85G>7�H 7
:�< Y"Y/Y Y/Y"Y J=D C
6;E,G>7�H 7
:.6
6
@.6�: p []�/� J=D C
@
@&G>7�H 7
C.6 J=D C
C.C�G>7�H 7
:KJ Y"Y/Y Y/Y"Y J=D :.I.@�G>7�H 7
:.7
6
@.I
6 }~���K	 E;DU8�6.J�G>7�H 7
I;E E;D C
C.I�G>7�H�<17.8 Y"Y/Y Y/Y"Y 6�D�<"6.@�G>7�H�<17.8
6KE.E�8 ST[]�/� <1@�DU8
J
65G>7�H�<"@K8 <"@�D C.J
@�G>7�H J.J�I <"@�D :K@�:&G>7�HUJ�C
7 <F8=D IKE�75G>7�H C�<1I <FE;D I
6KJ,G>7�H�<16
7
6KE�I
@ 8�@�[]�/� J=D�<"I
7&G>7�H 7�:K6 J=D 7
C�<$G>7�H 7.@
7 Y"Y/Y Y/Y"Y J=D C
C.6�G>7�H 7K8=<



� � � �

O5[!�;deD � 8���DFAK<!Ü$Ä�ÝP[�HFGIX�Y � GITCGI�PGIdIGeV1fUR3SUÝPdIGeVC?�]�D

��DFAC<ÍÄ�ÝP[�HFGIX�Y � GITKGe�PGIdIGIV	fURaS�ÝPdIGeVC?P]�D@T
Ä2VC[!A Ô!Ø�ØÀX�S Õ�Õ!ØÀX�S Õ!Ø�ØÀX�S Ö"Õ2×ÂX�S

×�2�Õ � R3XP] Ø28 )�) ��� Ø �öØ�Ø+2 ×!8öØ�Ø�Ø ×!8öØ�Ø�Ø Ø28 )�Ô+* � Ø �öØ � Õ
×�2�Ô � ¦ [�T Ø28 )�)2× � Ø �öØ�Ø � Ø28 )+*!Õ � Ø �öØ�× � Ø28 )+*!Õ � Ø �öØ�Ø * Ø28 )+* ��� Ø �öØ�Ø *
� � * � R3XP] ×!8öØ�Ø ��� Ø �öØ�Ø � ×!8öØ�Ø�Ø Ø28 )�)�Ö � Ø �öØ�×FØ Ø28 )�Ô�Õ � Ø �öØ ���
2!Ø � � Z R3XP] Ø28 )�Ô ��� Ø �öØ�Ø � ×!8öØ�Ø�Ø Ø28þÔ�Ô!Ø � Ø �öØ�Ø!Ö Ø28 *!Ô!Ø � Ø �öØ�Ø+2

Ø28 )+* Ø28þÔ�Ô Ø28 22×
22×�* � R�A�G ×!8öØ�Ø�× � Ø �öØ�Ø � ×!8öØ�Ø�Ø ×!8öØ�Ø�Ø � Ø �öØ�Ø+2 Ø28 )+*!Ô � Ø �öØ�Ø *
2�Ö � 2!ØÍR3XP] Ø28 )�)2× � Ø �öØ�Ø&Õ ×!8öØ�Ø+2 � Ø �öØ�×�× ����� �����
Ô � Ö � Ú DFA Ø28 )+*3) � Ø �öØ�Ø+2 Ø28 )�Ô2× � Ø �öØ�×@Õ ����� �����
Ô�Ö � ×�*ÇÚ DFA ×!8öØ�Ø&Õ � Ø �öØ�Ø!Ö ×!8öØ�× ��� Ø �öØ�×�* ����� �����
)2×�× � ¦ DFV ×!8öØ�Ø�Ø � Ø �öØ�Ø * ����� Ø28 )�Ô�Ö � Ø �öØ�×�2 Ø28 )�2�Ö � Ø �öØ � )
) � × 	 Ú DFA ×!8öØ�Ø�Ø � Ø �öØ�Ø+2 ×!8öØ�Ø�Ø ����� �����
×FØ�×�* � Ú DFA Ø28 )�)�2 � Ø �öØ�Ø!Ö Ø28 )�) ��� Ø �öØ�Ø * ����� Ø28 )�Õ!Ø � Ø �öØ�× �
× � � × � ¯'A�G Ø28 )�) ��� Ø �öØ�Ø&Ô Ø28 )�Ô�2 � Ø �öØ�×@Õ ����� �����
× � * � � Z O5[�? ×!8öØ�Ø * � Ø �öØ�Ø � ×!8öØ�Ø ��� Ø �öØ�Ø+2 ����� ×!8öØ � 2 � Ø �öØ � ×
×oÖ&Ø+) 
-O5[�? ×!8öØ�Ø ��� Ø �öØ�Ø&Õ Ø28 )�)�) � Ø �öØ�Ø&Ô ����� ×!8öØ�Ø�Ø
×oÖ"Õ+* � O5[�? Ø28 )�Ô ��� Ø �öØ�Ø&Õ ×!8öØ�Ø�Ø ×!8öØ�Ø�Ø ×!8öØ�Ø�Ø
×@Õ+*�* �âR3?�A ×!8öØ�Ø+) � Ø �öØ�Ø!Ö ×!8öØ�×�) � Ø �öØ�×�× ����� ×!8öØ�Ø�Ø
×�2!Ø�× �
� Ñ A�G ×!8öØ�Ø&Õ � Ø �öØ�Ø&Õ Ø28 )�)+* � Ø �öØ�× � ����� �����
×�2!Ø&Õ 
 R3?�A Ø28 )�Ô�Ô � Ø �öØ�× � ����� Ø28 )�Ô ��� Ø �öØ � Ø ×!8öØ�Ø�Ø

×!8öØ�Ø ×!8öØ�Ø
� Ø+)2× �äR3?�A Ø28 )+*3) � Ø �öØ�Ø&Õ Ø28 )�Ö 2 � Ø �öØ�× � ����� �����
��� ×�2 � �aD@S Ø28 )�Õ�) � Ø �öØ�Ø+2 Ø28 ) � ) � Ø �öØ � 2 ����� �����

Ø28 ) �
��� Ô�2 � �aD@S ×!8öØ�Ø+) � Ø �öØ�Ø+2 ×!8öØ�Ø�Ø ����� �����
� Ö * � 
 �aD@S Ø28 )�Ô+* � Ø �öØ�Ø!Ö ×!8öØ�Ø!Ö � Ø �öØ�×oÖ ����� ×!8öØ�Ø�Ø
� Ö )2× � ¦ :=[ Ø28 )+*32 � Ø �öØ�Ø * ����� ����� Ø28 ) � Ö � Ø �öØ � 2

×!8öØ�Ø ×!8öØ�Ø
� )�Ö � � ¦ :¬G Ø28 )�)�Ô � Ø �öØ�Ø � ×!8öØ�Ø�Ø ����� ×!8öØ�Ø�× � Ø �öØ�Ø *

×!8öØ�Ø ×!8öØ�Ø
� )�)!Ø � �aD@S ×!8öØ�Ø+2 � Ø �öØ�Ø � ×!8öØ�Ø ��� Ø �öØ�Ø * ×!8öØ�×�× � Ø �öØ�Ø * ×!8öØ�Ø!Ö � Ø �öØ�Ø *
��� Ö ) � ¦ XPH ×!8öØ�Ø+2 � Ø �öØ�Ø+2 ×!8öØ � Ô � Ø �öØ�×@Õ ����� �����

×!8öØ�Ø ×!8öØ�Ø



� � Ö �

O [!�PdeD � 
 ¦ <&X"VCGcX�?�D@]

��DFAC<ÍÄ�ÝP[�HFGIX�Y � GITCGI�PGIdIGeV1fUR3SUÝPdIGeVC?�]�D@T
Ä�VC[!A Ô!Ø�ØÀX�S Õ�Õ!ØÀX�S Õ!Ø�ØUX�S Ö"Õ2×iX�S

� Õ+*32 	 ��:¬[ Ø28 )�Ô+* � Ø �öØ�× � ����� ����� �����
� *�Ø&Õ � à�f2X Ø28 )�)�2 � Ø �öØ�Ø!Ö ×!8öØ�Ø � � Ø �öØ�Ø&Ô ����� �����
� *4Ö"Ô � b3f&[ Ø28 )�)�Ö � Ø �öØ�Ø&Õ Ø28 )�)+* � Ø �öØ�Ø&Ô ����� �����
� Ô+* � 
 à�DF< Ø28 )�)+* � Ø �öØ�Ø+2 Ø28 )�Ô�Ô � Ø �öØ�×FØ ����� ×!8öØ�Ø ��� Ø �öØ � Ö
Ö&Ø+2�) � ��:¬[ ×!8öØ�Ø�× � Ø �öØ�Ø!Ö ×!8öØ�Ø�× � Ø �öØ�Ø * ����� Ø28 )+*�* � Ø �öØ � 2
Ö � Ø�× � ��:¬[ Ø28 )�Õ�Õ � Ø �öØ�×FØ Ø28 )!Ø�× � Ø �öØ � × ����� ×!8öØ�Ø�Ø

Ø28 ) �
Ö � � Õ � ��:¬[ ×!8öØ�Ø�Ø ×!8öØ�Ø�Ø ����� �����
Ö � *�* � ��:¬[ ×!8öØ�Ø * � Ø �öØ�Ø&Õ ×!8öØ�Ø&Õ � Ø �öØ�× � ����� ×!8öØ�Ø�Ø
Ö�Ö � Ö � 73A�[ Ø28 )�)+* � Ø �öØ�Ø&Õ ×!8öØ�×�* � Ø �öØ�×�× ����� �����
Ö"Õ2×�* � � GeA Ø28 )�)!Ø � Ø �öØ�Ø&Ô ×!8öØ�Ø � � Ø �öØ�×oÖ ����� �����
Ö )2×FØ � � GeA ×!8öØ�Ø�Ø ×!8öØ�Ø�Ø ����� �����
Ö ) ��� 
 � GeA ×!8öØ�Ø+2 � Ø �öØ�Ø!Ö ×!8öØ�×oÖ � Ø �öØ�Ø * ����� ×!8öØ!Ö�× � Ø �öØ � �
Õ � � Õ � `¾<�< ×!8öØ�×�× � Ø �öØ�Ø � ×!8öØ � × � Ø �öØ�Ø � ����� ×!8öØ � Ø � Ø �öØ�Ø *

Ø28 )�) ×!8öØ�Ø
Õ � Ö&Ø � `¾<�< Ø28 )�)�Ö � Ø �öØ�Ø&Ô ×!8öØ�Ø�Ø ×!8öØ�Ø�Ø ×!8öØ�Ø�Ø

Ø28 )�Õ
Õ�Õ�2 � � ��:¬G ×!8öØ�Ø!Ö � Ø �öØ�Ø&Õ Ø28 )�)�2 � Ø �öØ�Ø+) ����� ×!8öØ�Ø+2 � Ø �öØ � Ø
Õ�Õ�Ô�) ^ ��:¬G Ø28 )�)�Ô � Ø �öØ�Ø+2 ����� ����� �����

×!8öØ�Ø
Õ�2!Ø � � `¾<�< ×!8öØ�Ø!Ö � Ø �öØ�Ø+) ×!8öØ�Ø�Ø ����� ×!8öØ�Ø�Ø
Õ�2�Ô2× � `¾<�< ×!8öØ�Ø!Ö � Ø �öØ�Ø!Ö ×!8öØ�×@Õ � Ø �öØ�Ø+2 ����� ×!8öØ!Ö"Õ � Ø �öØ � 2
Õ�Ô�Õ�Ö � Ä2DFA ×!8öØ�×�) � Ø �öØ�Ø!Ö ×!8öØ � � � Ø �öØ�Ø+2 ����� ×!8öØ&Õ�Ö � Ø �öØ�×�2
2!Ø&Õ�2 � Ñ ÝPJ ×!8öØ�×�* � Ø �öØ�Ø+2 ×!8öØ�×@Õ � Ø �öØ�×�× ����� ×!8öØ�×oÖ � Ø �öØ � Õ
22× ��� � 73A�[ ×!8öØ�Ø&Ô � Ø �öØ�Ø+2 ×!8öØ�×�) � Ø �öØ�×�× ����� ×!8öØ&Õ!Ø � Ø �öØ�×�)
22× � Ö � Ä�Ho< ×!8öØ�Ø�Ø ×!8öØ�Ø�Ø ����� �����
22×oÖ 2 � ØUb�DFA Ø28 )�Õ ��� Ø �öØ�Ø+2 ×!8öØ�Ø�Ø ×!8öØ�Ø�Ø �����
22×oÖ"Ô � b�DFA Ø28 )�)�Õ � Ø �öØ�Ø � Ø28 )�)�Õ � Ø �öØ�Ø � ����� Ø28 )�Ô�Õ � Ø �öØ�Ø+2

Ø28 )�)
2 � × � � b�DFA Ø28 ) � Ö � Ø �öØ�Ø&Õ Ø28 )�Õ!Ø � Ø �öØ�Ø&Õ ����� Ø28 )�Ö"Ô � Ø �öØ�× �

Ø28 ) �
2 ��� Ø � b�DFA ×!8öØ�Ø�Ø ×!8öØ�Ø�Ø ����� �����



� � Õ �

O [!�PdeD � 
 ¦ <&X"VCGcX�?�D@]

��DFAK<tÄ�ÝP[�HFGIX�Y � GITCGI�PGIdIGeV1fUR3SUÝPdIGeVC?�]�D@T
Ä�VC[!A Ô!Ø�ØÀX�S Õ�Õ!ØÀX�S Õ!Ø�ØUX�S Ö"Õ2×iX�S

2�Ö&Ø+2 � Z b�DFA ×!8öØ�Ø�Ø ×!8öØ�Ø�Ø ����� �����
2�Ö�×@Ô �äb�DFA ×!8öØ�Ø!Ö � Ø �öØ�Ø!Ö ×!8öØ�Ø � � Ø �öØ�Ø * ����� �����
2�Õ � 2 � 73A�[ Ø28 )�Ô!Ø � Ø �öØ�Ø!Ö Ø28 )�22× � Ø �öØ�Ø+) ����� Ø28 )�22× � Ø �öØ�×@Ô
2�2 � � � b�DFA Ø28 )�)+* � Ø �öØ�Ø!Ö ×!8öØ�×FØ � Ø �öØ�Ø+2 ����� Ø28 )�)�Õ � Ø �öØ�×�2
2�2�)�Õ  µb�DFA ×!8öØ�Ø&Õ � Ø �öØ�Ø!Ö ×!8öØ�×@Õ � Ø �öØ�Ø * ����� �����
2+*�Ø&Õ � 73A�[ Ø28 )�Õ � � Ø �öØ�Ø+) Ø28 )2×@Ô � Ø �öØ � Ø ����� �����
*�Ø�Ø�× � à�f�A ×!8öØ�Ø * � Ø �öØ�Ø � ×!8öØ�Ø�Ø � Ø �öØ�Ø&Ô ����� ×!8öØ�Ø+) � Ø �öØ�Ø&Ô
*�× � ) � ± à�f�A Ø28 )�Ô�Ö � Ø �öØ�×FØ ����� ����� �����
*�×@Õ+* × � à�f�A Ø28 )+*�Ø � Ø �öØ�Ø+) ×!8öØ�Ø�Ø ����� �����
* � ×FØ � 73A�[ ×!8öØ�Ø�Ø ×!8öØ�Ø�Ø ����� ×!8öØ�Ø�Ø
*4Ö&Ø&Õ � � ?Pd ×!8öØ�Ø&Õ � Ø �öØ�Ø!Ö ×!8öØ�Ø+2 � Ø �öØ�×�2 ����� �����
*4Ö�×�* � Z ¦ f�Y Ø28 ) � × � Ø �öØ�Ø!Ö Ø28þÔ ��� � Ø �öØ�Ø+) ����� �����

Ø28þÔ�2
*!Õ � Õ � R "�d ×!8öØ�Ø&Ô � Ø �öØ�Ø � ×!8öØ�Ø+2 � Ø �öØ�Ø&Õ ����� ×!8öØ�Ø+2 � Ø �öØ�×@Ô
*!Õ � 2 � Ä2Y�D ×!8öØ�Ø�× � Ø �öØ�Ø * Ø28 )�Ô � � Ø �öØ � 2 ����� �����

Ø28 )�Ô Ø28 ) �
*!Õ�Õ+* � R "�d ×!8öØ�Ø � � Ø �öØ�Ø � ×!8öØ�Ø�Ø � Ø �öØ�Ø!Ö ����� ×!8öØ�Ø ��� Ø �öØ�Ø+2
*32 � Õ � Ä2Y�D ×!8öØ�Ø � � Ø �öØ�Ø � Ø28 )�)�) � Ø �öØ�Ø!Ö ����� �����
*�* � Õ � × ¦ f�Y Ø28 )�Ô � � Ø �öØ�Ø&Õ Ø28þÔ�Ö ) � Ø �öØ�×�2 ����� �����

Ø28 )�Ö
*�*!Õ2× ��� ¦ f�Y Ø28 )�)!Ø � Ø �öØ�Ø � Ø28 )�Ö * � Ø �öØ�Ø&Ô ����� �����

Ø28 )�)
*�*3)�2 � ¦ f�Y Ø28 )�)�) � Ø �öØ�Ø � Ø28 )�)�Ô � Ø �öØ�Ø * ����� Ø28 )�Ô+* � Ø �öØ�×�×
*3) � Ö � ¦ f�Y ×!8öØ�Ø�× � Ø �öØ�Ø � Ø28 )�)�2 � Ø �öØ�Ø&Õ ����� Ø28 )�) ��� Ø �öØ�Ø+2
*3)�Ö"Ô � ± 73D@d ����� ×!8öØ�Ø�Ø ����� �����
*3)�Ö ) 
 ¦ f�Y Ø28 )�)�) � Ø �öØ�Ø � ×!8öØ�Ø&Ô � Ø �öØ�Ø+2 ×!8öØ�Ø�Ø ×!8öØ�Ø ��� Ø �öØ�×�*
Ô!Ø *3) � ¦ f�Y Ø28 )�)+* � Ø �öØ�Ø � Ø28 )�) � � Ø �öØ�Ø!Ö ����� �����
Ô2×�×@Õ � ¦ f�Y ×!8öØ�Ø�Ø � Ø �öØ�Ø � ×!8öØ�Ø�× � Ø �öØ�Ø&Õ ����� Ø28 )�)�Õ � Ø �öØ�×@Ô

×!8öØ�Ø ×!8öØ�Ø ×!8öØ�Ø
Ô ��� Õ � Ú5DFY Ø28 )�) � � Ø �öØ�Ø&Õ Ø28 )�)+* � Ø �öØ�×�* ����� �����
Ô � Ø&Ô 
 Ú5DFY Ø28 )�)�Ô � Ø �öØ�Ø&Õ Ø28 )�Ô�Ô � Ø �öØ�× � ����� �����
Ô � ×�2 � ¦ DFÝ Ø28þÔ!Ø+2 � Ø �öØ�× � ����� ����� �����



� � 2 �

O [!�PdeD � 
 ¦ <&X"VCGcX�?�D@]

��DFAK<ÍÄ�ÝP[�HFGIX�Y � GITCGe�;GIdIGeV1fUR3S�Ý;dIGeVC?�]�D@T
Ä2VC[!A Ô!Ø�ØÍX�S Õ�Õ!ØÍX�S Õ!Ø�ØUXPS Ö"Õ2×ÂXPS

Ô�Ö�×oÖ � R ""A ×!8öØ�Ø * � Ø �öØ�Ø+2 ×!8öØ�×@Ô � Ø �öØ�× � ����� ×!8öØ�Ø�Ø
Ô�Ö 2�Õ � ¦ DFÝ Ø28 )�)2× � Ø �öØ�Ø � Ø28 )�)�Õ � Ø �öØ�Ø&Õ ����� �����
Ô�2�2+* � Ú DFY ×!8öØ�Ø+) � Ø �öØ�Ø+2 ×!8öØ � Ö � Ø �öØ�×FØ ����� �����
Ô�2�Ô�Ö � Ú DFY ×!8öØ�Ø!Ö � Ø �öØ�Ø!Ö ×!8öØ�Ø ��� Ø �öØ�Ø * ����� �����
Ô�2�)�Ô � R ""A Ø28 )�) ��� Ø �öØ�Ø * Ø28 )+*�* � Ø �öØ�× � ����� �����
Ô+*�*!Õ � Ú DFY Ø28 )�)�) � Ø �öØ�Ø!Ö ×!8öØ�Ø�Ø ×!8öØ�Ø�Ø ×!8öØ�Ø�Ø
Ô+*3)�2 Õ�2�Ú DFY ×!8öØ�Ø�× � Ø �öØ�Ø&Õ Ø28 )�Ô+* � Ø �öØ�× � ����� �����

­3<�VWD�8 
 °1ÓQ[�X�D@X�VWACf)Ó�<�A�[ßTWVC[!At]�<�D@TtX�<�VÍJP[@Ò�D�[�XÞDFAKAC<�AÍD@TCVCGISU[!VWD�L
VCJ�[!VUÒ![�dI?�DºE�[�TÀ[�TCTK?�S�D@]âGIX VCJ�D=]�GI[�S�DFVWDFAÀÛ�VF8â¯�dIdcGeÝPTWD@TÇGIX�]PGIHF[!VWD#X�<�Û�V
E¾[�T_Ý�DFACÓ�<�A�S�D@]M8�O\J�GIT�]�[!VC[=TWDFV_Ho<&X�VC[�GIX�TÂ[#X�?�Si��DFAQ<�ÓªE�Gc]�DÇ�PGIX�[!ACf TWVC[!A
TWf2TWVWD@SUT¾E�J�<&TWDa>FDFAC<�TWÝP[�HFGcX�Y_Ò2GITCGe�;GIdIGeV1f9[�S�Ý;dIGeVC?�]�D3TCJ�<&?�dI]ÍX�<�V¾��DÇ×!8'¯�[�H�J
<�Ó\VCJ�D@TWD�TWVC[!AKTÇJ�[�TÇ[ TWD@Ho<&X�] dIGIX�DÀGIXßGeVCT_D@X�VWACf�E3J�DFACDÍ[�XßD@TWVCGcSU[!VWDÍ<�Ó ���
J�[�T\��DFD@X=Y&GeÒ�D@XM8�O\J�GIT�D@TWVCGcSU[!VWDiGIT��P[�TWD@]º<&X=ÝP?��PdcGITCJ�D@]tB2X�<�E�dID@]�Y�DÂ<�Ó¡VCJ�D
Ho<&S�ÝP[�X�GI<&XM8



� � * �

O [!�PdeDQÖ�8 ÚªJ�<�VW<&S�DFVWAKGcHÂ7�[!VC[

2�3 4������ � #������$' #����	� ' 
f����� #%��
��L� 
 ' � �N�1v  �	(���ye^x �N� �������*#�� '

<"@K8 A ����0 C�DUJ�6 7�D IKJ J=D 6
7 J=D�<1J �$C�D 7������ :.C.I.J�G 8L:
<"@.6 OrPR�
� J=DUJ�C 7�DUE�6 J=D :.6 :�DVEL7 �$7�D 7������ :.@.7.J�G 8.E
C
C;E Sa����0 J=D 7.8 <.D J�: C�D 6
6 <1J=D @
C st7�D 7������ CKE�@
C&G�:.@
@
7.C W X ����0 J=D�<"7 7�D I
: J=D I�< @�D @
@ �$C�D 7���� :KJ.8�C&G 8
J
@�<LE Oa��	�� J=D 7
7 7�D 6
: J=D @�: @�D C
C �?J�D 7������ :
:KI
C&G 8
8
@�:KC @.7�����0 7�D 7
7 Y/Y"Y Y/Y/Y Y"Y/Y �$C�D 8������ Y"Y/Y
6
C
: Z\[]�/	 C�DVELI <.D J
C C�DVEL7 C�D�<FE �$C�D 7�� :KJ.8.E5G 8�C
6�:KC <FE,[]�/	 :�DU8�C <.D J�< C�DVE�8 <
D�</: �9E=D 7������ CKE�I
I&G�:;E
I�<.< OrP^�! J=DU8�C <.D CK8 :�DUJ=< I�DU8.E stC�D 7������ C.8KEL6&G 8�C
I.J�< _w[]�/	 C�D C
I <.D 6.7 8=D C.J <"7�DU8�6 st:�D 7���� C.J
6�<?G�:.7
<"7�<FE OQ[]�/	 <
DVELI 7�D :;8 <
DUJ�C E;D 7
C 
 8=D 7�� @KE
8�7&G>6.8
<1J
C�< W bd	�� J=D I�: <.D J
@ C�D 6KE 8=D :K8 st7�DU8������ CKE�7
C&G 8L:
<"C;ELC A X ef��� C�DVEL@ 7�DUE�C J=D�<1J <
D 7.8 �$7�D 7������ :.6.IKE5G>@.8
</:K7
I g ef��� C�DU8L: 7�DUE�C J=DUJ=< <
D C�< o I�DU8������ :.6
:.C&G>@.J
</:;8.E Oaef��� 7�D 6
@ <.D J
C C�D @KE C
C�D C�< �?8�D 7������ C
6;E;<?G�:.6
<18KE
E i ����	 J=D @
I <.D 7.@ C�D C.J 8=DUJ
J �$C�D 7���� :.7.6
@&G 8�7
<"@.7�< k l m�	�� :�D :.I <.D 7K8 Y/Y/Y 7�D I
C �?J=D 7���� :.C.@�<?G>@
@
<"@.7.8 gh����	 J=D I
I 7�D 8.J <
DU8�C C�D @
@ 
]7�D 7�� EL7KE=<$G,<1@.8
J�7.I�< k ����	 :�DUJ
8 <.D @.I 8=D�<"7 :�DU8=< s C�D 7���� C�:K6
I&G�:.C
J
J�<"@ Z\o>�"� C�DUJ�6 <.D :KI :�DU8�I @�D @.8 stC�D 7������ C�:K@.J�G�:.C
J
J
6
@ p o>�"� J=D 6KE <.D 8KE :�DVEL@ <
<
DUJ=< stC�D 7������ C�:K6
C&G�:.C
JL:=ELC gqo>�"� J=D I
6 7�D I.@ J=DVEL@ J=D I
6 o 6�D 7�� :
:K6.8�G 8
8
JL:KI�< OrPRst� �(<
D :.@ 7�D 7.7 � 7�D�<18 <.<"I�DUJ�7 �9<
D 7,� I
I
I�<$G,<":
:
J�I
:.C OrPRs-� 7�D CKE 7�D :;J <
D 7�< <"6�DUJ
J 
 8=D 7�� � @.8.8�C&G>6�<
J�I.I
7 Sao>�"� <
D�</: 7�DUE
8 J=DUJ�C <
<
D 6.J �$7�D 7������ :.6K8�6&G>@
7
C.J�:.I SaP^��v C�DU8�C <.D�<FJ C�D CKE J=D CKE � :ND 7������ :.7�<1J�G 8
J
C.8KEL@ _`��st� :�DVEL@ <.D :=E :�D :;E Y"Y/Y stC�D 7������ Y"Y/Y
CKE�7.8 Oa)yx;� C�D�<"C <.D J
C C�DVEF: :�D�<"7 �9E=D 7������ C
6.C
@&G�:;E
CKEL:.6 Oa2�x.� <
D IKE <.D 7
: C�D�<"@ 6�DU8�@ �$C�D 7���� :.7.@
7&G 8�7
C
6;ELC g )*�/� J=D I
6 7�D @K8 <
D 6
C <
D 6
@ o5<
D 7���� 8�C
I�<$G,<17.J
:.7.@
I p ��st� C�D 7.8 <.D J
6 C�D I
C 8=D 7.J st7�D 7������ CKE�I
C&G�:;E
:.C.7�< OT��st� <
DVELI 7�D 6�< J=D :
: @�D I
I �$7�D 7������ :.@.CKE5G>@.J
:.C.C.8 z ��st� C�D 7�< 7�D 6
: J=DU8.E J=D :KJ ��<.D 7������ :K8.8�7&G 8�@
:.C;E
E |w��st� C�D :.I <.D 7.@ C�D�<"6 J=D�<
< �$C�D 7������ :.7.I�<?G 8�7
:
:KC�: }~
�	�� C�D 6.8 <.D C�< C�D I
I J=DU8=< st7�D 7������ C
@;E�8�G�:.@
:K8�<FE | ����	 :�D 7�: <.D J
@ C�D I
@ J=D�<1J s <
D 7������ C
@�<"7&G 8�C
:.I�<"7 A ����	 C�D C
6 <.D 8
C :�D @
C @�D :.C stC�D 7������ C
@.7.J�G�:
:
:.I.C.J g ����	 J=D 6�: 7�D @
: J=D 7�: J=DUJ=< o 6�D 7������ :.I.6�<?G>@�<



� � Ô �

O [!�PdeDQÖ�
 ¦ <&X"VCGcX�?�D@]

2�3 4��
��� � #����	�$' #���� � ' 
f����� #���
��F� 
 ' � �N�1v  �	��
�*e x � � � ��� � # � '

8
J
C.8 Z��R�;� J�D @.6 7�D :
: <.D C�< J�D�<LE o 7�D 7�� � 8�I
@
:&G$E
8
8�C
:.7 O��R�;� � 7�D 7K8 7�D IKE J�D IK8 :.6�D 8
@ ��<
D 7������ :KJ
J
@�G 8
C
8
8
@
C Sa��s-� J�D 7.6 <
D�<
< Y/Y"Y E=DUE�@ � :�D 7������ C
6�:KI�G�:=E
8
8
6
I 3h��s-� :ND 8
I <
D 6
@ 8�D 8�: :ND C.C s 8�D 7������ C.J�6�<$G�:;8
8�@.7.J S �R�;� C�D 8
7 7�D @.8 J�D�<1@ <.D J.8 o 6�D 7������ :.I
@.I�G>6.@
8�@.6�< A��R�;� C�D :KI 7�DVELC J�D JKE <.D :N< o 6�D 7������ :.6.8
7�G>@.7
8�6K8L: O��;�/	 J�D @
: 7�D 6�< J�D 8
6 C�D C.6 �?J=D 7������ :K8
8
6�G 8
@
@
7K8�@ A m�� 	 J�DUE
8 <
DUJ�I C�D I;E E=D 7.7 st7�D 8������ CKE�J�<$G�:=E
@�<1C.J Z\
�	(� J�DUEL: 7�D @�< J�D�<F8 J�D 8
7 o 6�D 7������ :.6.J
@�G$E=<
@�<1C�: O��=v/� 7�D I�< Y"Y/Y Y/Y"Y Y/Y"Y s <.D 8�� Y/Y"Y
@�<":.@ C.7,2��/	 8�D 7�< J=DU8
J E=D 7KJ I�D I.C st@�D 7������ C
7
7.6�G>C;E
@�<":.6 Sn2��/	 J�DUE.E 7�D @�: J�D�<LE J�D :;8 o?E=D 7������ :.IKE�I�G>@�<
@.J�<1J ��2��/	 J�D 6�< 7�DU8=< <.D 8�< J�D 7KJ o 7�D 7�� � 8.ELC.6�G>I.7
@.J.J�7 Z 2��/	 C�D 8
7 7�D @KE J�D�<F8 <.D J
@ o 6�D 7������ :.6�:N<$G>@.C
@�:K7
@ O X 2��/	 7�D 7.7 Y"Y/Y Y/Y"Y Y/Y"Y s 8�D 7�� Y/Y"Y
@�:N<"6 k 2��/	 C�D�<1@ 7�D I
@ C�D�<16 J�DUE
8 �$C�D 7���� :�<18�<$G 8�:
@.8
C
@ ST
�	(� J�DUE�6 7�D @
6 J�D 7�< J�D C.6 o$J=D 7���� 8=<
<16�G$E=<
@
@KJ�C p 2��/	 C�D :;J 7�DU8�C <.D @K8 <.D J.8 o$8=D 7�� � 8�@
7.C�G>6
:
@
@.I.8 � 2��/	 C�D 6;E 7�D I
7 J�D 6
: <.D J.J ��<
D 7���� :.C
@;E,G 8�:
@KE�7.8 Wc
�	(� J�D J.J <
D�</: C�D 8
@ 6�D :K7 �?8=D 7������ :.7�<1C�G 8.J
EL7.7�< OQ)*xK	 7�D 7.C � 7�D 7�: 7�D 7�< C
7�D�<": ��7�D 75� I.@.8KE,G,<.<"I
E;<1C
I A 
 )*xK	 :ND C.7 <
DVEL6 8�D 8
C 8�D :;8 s-:�D 7���� C
C
C.7�G�:.:
E;<F8.E <"C�)*xK	 :ND 7.7 J=D 7.8 @�D 7.I <"7�D I;E s 8�D 7������ C�<FEL:&G�:N<
ELC�<"7 A�
�	(� C�D 7;E 7�DVEL7 J�D JKE <.D IK8 o I�D 7������ :.6.8�<$G>@;E
EF:K7.8 Oa� ��� :ND :;8 <
DUJ=< C�D I.7 <.D C
: st7�D 7������ CKEL@.I�G�:K@
EF:N<FE S X P^x;� C�D 7.6 7�D 6KE J�D IKJ J�D IKJ �$C�D 7���� :
:.7�<$G 8�:
E�8.J
8 W ���K� J�DUE
J <
D 7KE C�D C�< :ND I;E �$C�D 7���� :.7
I.I�G 8
7
E�8
C
@ A��;�.� C�D 6.C <
D :
: Y/Y"Y C�D I.C s J=D 7���� C�:
:K@�G�:;8
E�8.8.E OQ���K� 7�DUE�@ 7�D�</: 7�D 8
7 <
<.DUE
J � E;D 75� ELC
@�<$G>I�<
EL@.C.8 W��;�.� C�D :=E <
DUJ�7 C�D @.C J�D 6.@ st7�D 7������ C
6.8
I�G�:K6
E
E�C.8 C�<9P^x;� C�D 6.7 7�D IKE C�D C�< J�D C.C �?J=D 7���� :.CKE.E,G 8�:
E
E
8=< C.J&P^x;� C�D I.6 <
DUJ�7 C�D 6KJ J�D�<1@ �$C�D 7�� C
6.8.85G�:=E
E
E�I
@ WnP^x;� J�D J
C 7�D :.I <.D 8�< @�D�<FJ 
f6�D 7�� @KEL7.C�G>6.C
ELIKJL: OrP^x;� <.D J.8 7�D�<
< 7�D C.@ :K8�D I;E ��J�D 7�� <1J
C
I.7�G J
7
6
ELI
:.6 W 
 
��/� C�D I�< 7�D @
6 Y/Y"Y Y/Y"Y ��<
D 7�� � Y/Y"Y
ELI
:.I g P^x;� J�D :K@ 7�DVELC J�D CK8 C�D @.C �$7�D 7������ :;E�8
@�G 8
I
6
7;ELI �`P^x;� C�DUE�7 <
DUJ�7 C�DUE
8 J�D 6.6 � :ND 7�� :.7
7;E,G�:KI
6�<.<18 � P^x;� C�D J
7 7�DVEL7 J�D�<.< <.D @.@ o 6�D 7������ 8�7
7KJ5G>@KJ



� � ) �

O [!�PdeDQÖ�
 ¦ <&X"VCGcX�?�D@]

2�3 4��
��� � #�� ���$' #������ ' 
f����� #�� 
��F� 
 ' � � �"v! �	(���*e^x �N� � �����*# � '

6KJ
J.8 J5[]�"� :�DU8.E <
DUJ
8 Y"Y/Y <
D�<18 s <
D 7������ C.@
7.I�G�:;8
6.C
7.6 gh[]�"� J=D C
I <
D 7.8 C�DUJ�7 8=D I
7 �?J=D 7�� :;J
J�:&G>6K8
6.C�<1@ p P^��� :�D�<FE J=D�<"7 8=D 6.J <":�D :.@ s J=D 7�� C�<"6�<$G 8.J
6
:�<": OQ���K	 J=D I
C 7�D @
@ <
D IKE J=D 7.J o$J=D 7�� :KI
7;E,G$E�7
6
:.@K8 ��P^��� C�D C.8 <
D 7
6 C�DUJL: C�DUJ.E ��<
DU8 � :KC.8�<$G 8�:
6.@
@;E }~[]�"� C�D I�: 7�DVEL@ J=DUJ�I 7�D I
C o 6�D 7������ :K@
I.I�G$E=<
6.@
6
: p []�"� C�D :.6 7�D @
6 J=D 7.8 <
D C
7 o 6�D 7������ 8
7
7.C�G>@.I
6.@
I.6 }~���K	 C�DVELI <
D :KJ :�D :.I C�D I.J s J=DU8������ C.@
C.I�G�:=E
6;E
E
8 ST[]�"� J=D :KJ <
DU8�7 :�D @
C <F8=DUJ
J s J�D 8���� C
:
:K6�G�:;J
6;ELI.@ 8�@�[]�"� :�DVE
E 7�D IKE Y"Y/Y 7�DU8L: o 6�D 7�� :N<18.J5G>@K8



� � Ø �

O [!�PdeD_Õ�8 ¦ <&S�ÝP[!AKGcTW<&X�E�GeVCJ�°6X"VWD@XPTCGeV	ft°6X"VWDFACÓ¥DFAC<&S�DFVWDFA�7�GI[�S�DFVWDFAKT

Ä2VC[!A à�GcS_��Ü	]P[!ACB�D@X�D@] �3X�GIÓ�<�AKS ]�GcTWB
ba^ ­a[�S�D °6X"VF8'°6X�VWDFA@8 :¬[!ACBt°C°C° °6X"VF8¡°6X"VWDFA�8 :¬[!ACBt°C°C°

� Ö )2× � ¦ :¬[ Õ�8þÔ�) � Ø28I×�2 Õ�8 )�) ��� Ø28I×FØ&Ô Õ�8 2!Ø � Ø28I×@Õ Õ�8ïÖ � × � Ø28 � Õ�Õ
� )�Ö � � ¦ :¬G Õ�8þÕ!Ø � Ø28I×�* Õ�8ïÖ�Ö 2 � Ø28öØ&Õ�Ö Õ�8I×FØ � Ø28I×�2 Õ�8 � Ø ��� Ø28I×FØ+2
*�Ø�Ø�× �ßà�f�A � 8 � Ö � Ø28öØ * � 8 ��� Õ � Ø28öØ ��� � 8öØ&Ô � Ø28öØ * � 8 )+*!Õ � Ø28öØ&Õ�)
*!Õ�Õ+* �ßR "�d � 8 )�Ô � Ø28I×oÖ � 8ïÖ 2 ��� Ø28öØ � Õ � 8 *!Ô � Ø28I× � � 8I×�×@Õ � Ø28öØ+2 �



� � × �

O5[!�;deD/2�8 ¦ <&SUÝP[!AKGITW<&X�<�Ó¡:=D@[�TC?�ACD@]#7�GI[�SUDFVWDFAKT\E�GIVCJ#:#<2]�D@d�R�VCS�<&TCÝPJ�DFACD_7�GI[�SUDFVWDFAKT

7�GI[�S�DFVWDFA8'�SÀ[�T=,
ba^ ­3[�S�D :¬[!ACB�°C°C° °6^�½¡: �' �' & � AKDFÓ �

×�2�Õ �ßRaX�] Ö�8I× � 2 � Ø28öØ!Ö�× Ö�8I× � × �\Ø28öØ�Ø&Õ �\Ø28I× � ×
Ö�8I×�*4Ö Ø28öØ � Ô Ø28 ) � �

� � * � RaX�] × � 8 *4Ö ) � Ø28I× � * × � 8þÕ�2 � �\Ø28I×@Ô+* �Â×!8 � 2 �
22×�* � R3AKG 2�8þÔ � * � Ø28öØ *!Ô 2�8 )2×FØ Ø28öØ&Ô � ×!8öØ+2 �
)2×�× � ¦ DFV × � 8 � � Ô � Ø28 � Õ�2 × � 8 )�)�Ö �\Ø28 � Ö�Ö �\Ø28 )�Õ �
×FØ�×�* � Ú DFA � 8I×@Ô�Ô � Ø28öØ � Õ � 8 � � Ô Ø28öØ&Õ!Ø ×!8ïÖ � �
× � * � ��Z�O [�? � 8 � � Ô � Ø28öØ � � � 8 � 2 � �\Ø28öØ *32 � � 8 � Ø �

� 8 � 2�) �\Ø28öØ+2�) � � 8öØ+) ×
×oÖ&Ø+) 
 ± O [�? � 8 2+*�× � Ø28öØ ��� � 8þÕ�)�Ö �\Ø28öØ *�* � � 8ïÖ�× �

� 8 2�Ö&Ø �\Ø28öØ � × �\Ø28 )+* �
×oÖ"Õ+* � O [�? � ×!8öØ+)�) � Ø28 � ×�× � Ø28 2 � Ø �\Ø28ïÖ *3) � � 8 � * �

� ×!8I×@Õ�Ö Ø28öØ&Õ�Õ Ø28 � 2 �
� Ö * � 
 �aD@S Ö�8 *�Ø ��� Ø28öØ!Ö * Ö�8 *�*!Õ Ø28öØ * � ×!8þÕ � �

Ö�8 *32�) Ø28öØ+2�2 ×!8ïÖ&Ø ×
� )�)!Ø � �aD@S *�8 )�Ô!Ø � Ø28öØ&Ô!Ø *�8 )�2�Ô �\Ø28öØ�× � �\Ø28I×@Õ �

Ô�8öØ � Ô Ø28öØ!Ö"Ô Ø28 2!Ø ×
Ô�8öØ!Ö&Ø Ø28öØ+2!Ø Ø28 *!Õ �

��� Ö ) � ¦ X�H Õ�8 � � Ô � Ø28öØ+2�) Õ�8I×�*�Ø �\Ø28öØ+2�Ô �\Ø28 )�) �
� *4Ö"Ô � b3f&[ )�8 * � * � Ø28öØ+)+* )�8ïÖ�Ö&Ø �\Ø28 � Ô+* � � 8 )�2 �
� Ô+* � 
¬à�DF< � 8þÕ+*!Õ � Ø28öØ *!Ô � 8 * � Ø Ø28I×oÖ"Õ ×!8þÔ�2 �
Ö � Ø�× � �a:¬[ 2�8 * � ) � Ø28öØ+)�) 2�8 *3)!Ø Ø28öØ&Õ2× Ø28þÕ � �
Ö � � Õ � �a:¬[ Ö�8I× � Ø � Ø28öØ!Ö�× Ö�8I×@Ô!Ø Ø28öØ+2!Ø ×!8ïÖ 2 �
Ö ) ��� 
 � GeA � 8 � Ô ��� Ø28öØ � � � 8 � Ø�Ø Ø28öØ�×�* Ø28þÕ � �
Õ � � Õ � `ª<�< � 8 � 2�) � Ø28öØ � Õ � 8 � � * �\Ø28öØ ��� �Â×!8 � Ô �

� 8 � ×FØ �\Ø28öØ&Õ�) � � 8 � 2 ×
� 8 � 2!Ø �\Ø28öØ�Ø+) �\Ø28 � 2 �

Õ � Ö&Ø � `ª<�< � ×!8 � * ��� Ø28 � Ö * � ×!8öØ *�Ø �\Ø28 � Ø � �Â×!8 � � �
� Ø28 ) � * �\Ø28ïÖ�Ö 2 �Â×!8þÔ2× �

Õ�2!Ø � � `ª<�< � 8ïÖ *�* � Ø28öØ+2�Õ � 8ïÖ 22× �\Ø28öØ�×�2 �\Ø28 � Õ ×
� 8 22×FØ Ø28I× � � � 8öØ&Õ �
� 8ïÖ 2�) �\Ø28öØ�Ø&Ô �\Ø28I× � �

Õ�2�Ô2× � `ª<�< � 8 *32�Ö � Ø28öØ � Ø � 8 *32�) Ø28öØ�Ø&Õ Ø28I×�* ×



� ��� �

O [!�PdeD/2�
 ¦ <&X"VCGcX�?�D@]

7�GI[�SUDFVWDFA8'�SU[�T=,
b3^ ­3[�S�D :¬[!ACB�°C°C° °$^3½¡: �' �' & � ACDFÓ �

� 8þÔ!Ø�Ø Ø28öØ � 2 ×!8 � Ø �
� 8 *4Ö ) �\Ø28öØ�×@Õ �\Ø28þÕ!Ø �

Õ�Ô�Õ�Ö � Ä2DFA Ö�8þÔ�Ö 2 � Ø28öØ!Ö"Ô Ö�8 )�2!Ø Ø28I×�×oÖ � 8 � Ô �
Ö�8 *3)�2 �\Ø28öØ&Õ!Ø �Â×!8öØ!Ö �

2!Ø&Õ�2 � Ñ ÝPJ ×FØ28ïÖ *�× � Ø28I×�×�* ×FØ28I×�*3) �\Ø28 � ) � � � 8þÕ!Ø �
22× ��� � 73A�[ � 8 * ��� � Ø28öØ *�× � 8ïÖ � Ô �\Ø28 � Ô�Ö �ÆÖ�8öØ�Ø ×

� 8ïÖ 2 � �\Ø28 � 2!Ø � � 8 2�2 �
22×oÖ"Ô � b�DFA � 8ïÖ 2 � � Ø28öØ � Õ � 8ïÖ"Ô2× Ø28öØ�×�) Ø28þÕ�Ö ×

� 8ïÖ"Õ�Õ �\Ø28öØ�Ø * �\Ø28 � Ø �
2 ��� Ø � b�DFA � 8 2 � Ö � Ø28öØ � Ö � 8 22×FØ �\Ø28öØ�×oÖ �\Ø28ïÖ�× �
2�Ö�×@Ô �¢b�DFA Õ�8 � *!Õ � Ø28öØ+2+* Õ�8þÕ � Ø Ø28 � Ö"Õ � 8 2�2 �
2�2 � � � b�DFA ×!8 )�Õ � � Ø28öØ � ) ×!8 )�Õ�2 Ø28öØ�Ø � Ø28öØ&Ô ×

×!8 )�)!Ø Ø28öØ � * Ø28 )�Õ �
×!8 )�2�2 Ø28öØ�× � Ø28 � � �

2+*�Ø&Õ � 73A�[ )�8þÔ�2!Ø � Ø28I× � Ô ×FØ28ïÖ"Õ!Ø Ø28þÕ�)!Ø Ö�8 22× �
×FØ28 � Ö�Ö Ø28 � Ô�Ö � 8öØ�Ø �

*!Õ � Õ � R "�d *�8 � *�× � Ø28öØ * � *�8I×�)�Ô �\Ø28öØ * � �Â×!8öØ�Ø �
*3)�Ö ) 
 ¦ f�Y Ö�8 22× � � Ø28öØ!Ö 2 Ö�8þÕ�Õ+* �\Ø28öØ&Õ�Õ �Â×!8 � Ø ×

Ö�8þÕ�)�) �\Ø28öØ�× � �\Ø28 � Ô �
Ô�Ö�×oÖ �ÉR "�A � 8 � � * � Ø28öØ&Õ+* � 8 )+* � �\Ø28 � 2�Õ �ÆÖ�8 2�Õ ×

� 8öØ�Ø � �\Ø28 � � Õ �ÆÖ�8I× � �
Ô�2�Ô�Ö � Ú5DFY � 8ïÖ )�2 � Ø28öØ!Ö&Ø � 8þÕ!Ø � Ø28öØ�Ø * Ø28I×@Ô ×

� 8ïÖ *�Ø �\Ø28öØ � 2 �\Ø28 2�Õ �
Ô+*�*!Õ �ÉÚ5DFY ×�*�8 )�Ô ��� Ø28I×@Ô!Ø ×�*�8 � Ø+) �\Ø28 2+* � � � 8 *4Ö �

� ^�DFÓ�DFAKD@X�HoD@TF8 ×3� `�dI[�HCB�EªD@dcd;% à�f�XP[�T6Ü �aAK[�f '6×�)�) � , � � `¾D@dId %
��?PTWVC[!Ó¥TKTW<&X '6×�)�Ô�)+, � ��`�dI[�HCB�EªD@dcd�DFV�[�d£8&'6×�)�)!Ø ,



� � � �

O [!�PdeD *�8 ¯'ã�VCGcX�HoVCGe<&X � [�dI?�D@T

Ä�VC[!A ��� �

ba^ Ô � Ö Ø28þÔ � Ø28 � Ö
ba^_×FØ�×�* Ø28ïÖ"Ô Ø28I×�*
ba^_×@Õ+*�* Ø28 � Ö Ø28I×@Õ
ba^_×�2!Ø�× Ø28ïÖ 2 Ø28 � �
ba^_×�2!Ø&Õ Ø28 )�2 Ø28 � Ô
ba^ � Ø+)2× Ø28ïÖ � Ø28I×�*
ba^ � Ö * � Ø28 � × Ø28I×oÖ
ba^ *!Õ � Õ Ø28 � × Ø28 � ×
ba^ *�* � Õ Ø28 � × Ø28I×@Õ
ba^ *�*!Õ2× Ø28 � � Ø28I×�2
ba^ *�*3)�2 Ø28þÔ�Õ Ø28 � �
ba^ *3) � Ö ×!8 � Õ Ø28þÕ�Ô
ba^3Ô!Ø *3) Ø28ïÖ"Ô Ø28 � Õ
ba^3Ô � ×�2 ×!8þÔ!Ø Ø28 2�Õ
ba^3Ô�Ö 2�Õ Ø28 2 � Ø28 � Õ



� � Ö �

Ï � � � Ï � � Ð � Ì
R3ACD@X�<&?ML�½¾8eL��aAKD@X�<&XML;:®8eL %9�a<&SUDF>�L;Ri8�×�)�) � L;R %QRiL � Õ�Ô�L�×FØ!Ö

`�[!AKX�D@TFL;OQ8 �98eL %¢¯�Ò�[�XPTFL�798�Ä�8�×�)+*32�LM:=­a^�RQÄ�L�×�*4Ö�LPÖ"Ô�)

`¾D@dId£L�^_8�R_8eL % ��?�TWVC[!Ó�TCTW<&XML;`385×�)�Ô�)�L�:¬­3^3R�Ä�L � � 2�L�2�Õ �

`�dI[�HCB�E¾D@dId£LP798P¯�8eL %¢à�f2X�[�T6Ü �aA�[@f�L;Ri8P¯�8�×�)�) � L�R %QRiL � Ô � L�Ô�)�)

`�dI[�HCB�E¾D@dId£LP798P¯�8eL % Ä2J�[�dIdcGITFL�:�8;N�8�×�)+*�*�L�:¬­3^3R�Ä�L�×@Ô!Ø2L5×�*�*

`�dI[�HCB�E¾D@dId£L27i8�¯�8eL�Ú DFVWÓ¥<�AK]ML�R_82798eL�R�ACA�Ge�P[�TFL�Ä�8eL�ba[�]�]�<2HCB�L�7982N�8eL %¢Ä2J�D@dI��f�L2:�8�N�8�×�)�)!Ø2L�R %ÂR_L � ��� L � )�2

¦ [!AK]�D@dIdIG£L�N�8�Ri8eL ¦ dI[�f�VW<&X�L��98 ¦ 8eL % :=[!VCJ�GcTFL;N�8;Ä�8�×�)�Ô�)�L;R3Ý;N�L�Ö"Õ�L � Ö"Õ

¦ dI[!AKDFVFL�R_8eLP7�GI[!>oÜ ¦ <�AK]�<�Ò�D@T@L�N�8eL %9��GIS�D@X�DF>�LPR_8�×�)�)�Õ�L�R %QR�Ä�L�×�×oÖ�L � Ö *

¦ <2]�D�L�Ri8P798eLPb�<&dcSºL�R_8 � 8eL % `ª<�VWVWD@SÀGIdIdeDFA@L�^_8Pà'8�×�)�Ô!Ø2L�R�Ý�N�Ä�L�Ö � L;Õ!Ø�×

¦ <&J�D@X�LP:�8eL�Ù�[�dIB�DFA@L;^_8 �98eLP`�[!AKde<4EÂL;:®8 %¢7aD@[�Ho<&XML�N�8P^Â8�×�)�) � L�R�N�L�×FØ!Ö�L5×�2�Õ!Ø

7�G�`¾D@X�D@]�DFVWVW<�L��98PÚ 8 %Q^�[!�P�PGI[��Ç8�×�)�Ô+*�R %QRiL�×@Ô�Ô�L5×�×oÖ

7�G�`¾D@X�D@]�DFVWVW< �98PÚ 8 %Q½�DFAKdc?�Y&[2L�Ä�8�×�)�)!ØÍR %QR � � 2�LPÖ�Ö )

7�G�`¾D@X�D@]�DFVWVW< �98PÚ 8 %Q½�<4f�L�^_8�×�)�Ô�2UR %QRi×�2�2�L � Ø!Ö

7�GI[!>oÜ ¦ <�AK]�<�Ò�D@TFL�N�8eL ¦ dc[!ACDFVFL�R_8eL�%9��GIS�D@X�DF>�LPR_8�×�)�)�Õ�L�R %QR�Ä�L�×�×FØ2L ��� )

7af�HKB;L�b_8�:�8eLP`¾D@X�TC<&XMLPN�8PRi8eL�Ò![�X#`¾D@dIdeD�L �98;OQ8eL %¢^�Gc]�Y�E¾[�f�L�Ä�8�OÂ8�×�)�)�2�L;R�N�L�×�×�×!LI×�*�Ø&Õ

½�<&?�"�?�6D�L;Ú 8eL % ��GeDFACD@XML�Ù 8PÚ 8�×�)�)+*�L�R %ÂR_L ��� Ø2L�*3)�)

�aAK[�f�L;^_8 Ñ 8eL %¢­a[!ÝPGeDFA@LP:®8��98 � Ø�Ø�×!L;R�N�L�× � ×!L � ×oÖ"Ô

ba[4¨WGI[�X�L�R_8�^_8eL�R3AKSUTWVWAC<&X�Y�L�N�8�OQ8eL�ba?�SUS�D@dxL ¦ 8�R_8eL5`ªD@XPTW<&XML5N�8�Ri8eL :=<�>@?�ACB�DFE3GIHKJML57i8eL Ú�[�?�dITFL�OQ8MRi8eL
b3?�VWVWDFA�L�798�N�8eL�¯�dcGI[�T�°C°zL�­i8�:�8eL N�<&J�X�TCVW<&XML�§�8�N�8eL�^3GIHCB![!AK]ML5à'8�N�L % Ù J�GeVWD�L�­i8�:�8'×�)�)�Ô�L R�Ý�N�L
Ö )�2�LPÖ"Ô�Ö

ba?�VWVWDFA@LP798PN�8eL�N�<&J�X�TCVW<&XML�§�8PN�8eLP:=<�>@?�ACB�DFE�GcHKJMLP798eL�Ä�GIS�<&XML�^Â8;Ä�8eL ¦ <&dI[@Ò2GeVC[2L;:®8P:®8eLPÚ�[�XML��98�Ú58eL�Ä2J�[!<�L
:�8eLPbaGIX�D@T@L2`a8P¯�8eL;Ä�VC[!D@dIGIX�L2798Pbi8eLPb3DFAKTCJ�DFf�LPN�8�à'8eLPba?�Y&J�D@T@LPN�8�Ri8eL %¢§Â[!ÝPdI[�X�L��Ç8Pb_8�×�)�Ô�)�L�R�Ý�N�L
� Ö&Ø2L5×�×FØ �

ba[�X"�P?�ACft`¾AC<4E�XML�^_8eLP7�[@Ò2GITFL;N�8eL %¢R3dcdeD@XML�à'8�^_8�×�)+*4Ö�L�:¬­a^�RQÄ�L�×�2+*�L5× � ×

ba[@f�D@TFL�7i8�Ä�8eL %¢à5[!VCJ�[�SºLP798�Ù 8�×�)+*!Õ�L;R3Ý;N�L�×�)+*�L�Õ�) �

baGIX�]�TCdIDFf�L2^_8�`a8eL�%¢`¾D@dId£L�^_8PR_85×�)�Ô�)�L;R3Ý;N�L � Ö�×!L ×FØ�Ø!Ö



� � Õ �

b3<��UD@GeVFLP798�×�)�)!Ø2LÆ¤�r2mQ²�p��e�!r�wª�Pwxh!p��¡h�wxh!kevC� ��[�deD��aX�GeÒ�DFAKTKGeV	f Ñ �PTWDFAKÒ�[!VW<�ACf�L;­�DFE ba[@Ò�D@X

N�<&JPX�TW<&XMLMbi8�à�8eLM°1A�GI[!ACVWD�LM`a8eL�:=GeVCH�J�D@dId£LM^_8�°z8eL&%ÉÙ�GcTCX�GeDFE�TCB@¨FL;Ù 8 � 8�×�)�2�2�L ¦ <&SÀSº8�à5?�X�[!AQÚ�dc[�XM8�à5[!��8eL
Ö�L )�)�8

:=<�>@?�ACB�DFE�GIH�JML27i8eL2N�<&J�XPTWVW<&XML�§U8�N�8eL�Ä2GIS�<&XML&^_8�Ä�8eL�`ª<4EªDFA�TFL�Ú 8�½ª8eL���[�?�SUD�L�^Â8eL�b3?�VWVWDFA@L�798�N�8eL ¦ <&dc[@Ò2GeVC[2L
:�8;:®8eL�Ä2JP[!<�LP:�8eL % Ú [�X�L��i8;Ú585×�)�)2×!L;R�N�L�×FØ�×!L ��� Ø *

­3<�AK]�Y�ACD@XML5OQ8�¯\8eL �aDFAKSU[�GIX�L5:�85¯\8eL�`¾D@X�TW<&X�L N�8�Ri8eL :=<�>@?�ACB�DFE3GIHKJML 798eL¡Ä2?P]�<&d£L�N�8�N�8eL�¯�dcGI[�T�°C°zL�­_8�:®8eL
b3[4¨CGI[�XML�Ri8�^Â8eL�Ù J�GeVWD�L5­_8�:®8eL�ba?�VWVWDFA@L�798eL N�8eL5N�<&JPX�TWVW<&XML�§�8�N�8eL���[�?�TCT@L�½¾85Ä�8eL�R�A�SUTWVWAC<&X�Y�L N�8
OQ8eL�Ú�[�?�dITFL�OQ8�Ri8eL %¢^3GIHCB![!AK]ML�à�8;N#×�)�)�)�L�RaN�L�×�×@Ô�L � Ø ���

­3<�AK]�Y�ACD@XML�OÂ8�¯\8eL�Ä2?P]�<&d£L�N�8PN�8eL % :=<�>@?�ACB�DFE�GIH�JMLP798eL � Ø�Ø�×iRaN�L�× ��� L � *�Ø

��?�GIACACD@X��P[�HKJMLMRi8eL5:=<�>@?�ACB�DFE�GIH�JML�798eL�R3AKSUTWVWAK<&X�Y�L5N�8MOQ8eL N�<&J�X�TCVW<&XML�§�8�N�8eL ¦ <&dI[@Ò2GeVC[2L5:®8�:�8eL�%µÄ2J�[!<�L
:�8�×�)�) � L�R %ÂR_L � Õ�)�L�à�×�)

��?�GIACACD@X��P[�HKJML�R_8eL2:#<�>@?�AKB�DFE�GIHKJ�L�798eL2R�AKSÀTWVWAC<&X�Y�L2N�8"OQ8eL�`�?�TCHKJ�DFA@L�798�½¾8eL % ba?�SUS�D@dxL ¦ 8"Ri8P×�)�) � L�R�Ý�N�L
Ö&Ø+2�L � ×@Õ

��?�GIACACD@X��P[�HKJML�Ri8eLª:#<�>@?�ACB�DFE�GIH�JML'798eL'b3?�SÀS�D@d£L ¦ 8�R_8eL'`�?�TCH�J�DFA@L'798¡½¾8eL % R3AKSUTWVWAK<&X�Y�L�N�8�OQ8ª×�)�)�Ö&[2L
R %QR � Ô�Õ�L�Õ�Ö�×

��?�GIACACD@X��P[�HKJML�Ri8eL�:#<�>@?�AKB�DFE�GIHKJ�L'7i8eL'`�?�TKHKJ�DFA@L¡798¡½¾8eL'b3?�SÀS�D@d£L ¦ 85Ri8eL % R3AKSUTCVWAC<&X�Y�L�N�8 OQ8ª×�)�)�Ö���L
R %QR � Ô�2�L5×FØ�×�)

��?�GIACACD@X��P[�HKJML¾R_8eL\:=<�>@?�ACB�DFE�GcHKJML�798eL�`�?�TKHKJ�DFA@LÆ798�½¾8eLÆb3?PSUS�D@d£L ¦ 8�Ri8eL % R�AKSÀTWVWAC<&X�Y�LÆN�8'OQ83×�)�)�2�L
R %QRiL � × � L5×�2!Ø

^�Gc]�Y�E¾[�f�L�Ä�8�OQ8eL�N&[�Ho<���f�L �98Pbi8eL;N&<�f2HoD�L;^Â8�^_8eL�Ä2GeDFY�D@dxLP:�8PN�8eL % Ù�D@dIdIT@L�7i8 ¦ 8�×�)�Ô � L�R�N�LPÔ+*�L ×FØ!Ö�Ö

Ä2J�[!<�L�:®8eL ¦ <&dI[@Ò2GeVC[2L&:�8�:�8eL�baGIX�D@TFL!`a84¯\8eL&Ä�VC[!D@dIGcXML47984bi8eL�b3?�VWVWDFA@L�798!N�8eL�N�<&J�X�TCVW<&XML�§U84N�8eL�:#<�>@?�ACB�DFE�GIH�JML
7i8eL�Ä2GIS�<&XML�^_8;Ä�8eLPb3DFAKTCJ�DFf�L;N�8�à'8eLPba?�Y&J�D@T@LPN�8�Ri8eL %¢§Â[!ÝPdc[�XML �98Pbi8�×�)�Ô�Ô![2L�R %QRiL�×�) � L � Õ+*

Ä2J�[!<�L�:®8eL ¦ <&dI[@Ò2GeVC[2L&:�8�:�8eL�baGIX�D@TFL!`a84¯\8eL&Ä�VC[!D@dIGcXML47984bi8eL�b3?�VWVWDFA@L�798!N�8eL�N�<&J�X�TCVW<&XML�§U84N�8eL�:#<�>@?�ACB�DFE�GIH�JML
7i8eL�Ä2GIS�<&XML�^_8;Ä�8eLPb3DFAKTCJ�DFf�L;N�8�à'8eLPba?�Y&J�D@T@LPN�8�Ri8eL %¢§Â[!ÝPdc[�XML �98Pbi8�×�)�Ô�Ô���L;R3Ý;N�L ��� *�L�)!Ø&Õ

Ä�VWAK[�GI>Ff�TFL � 8�×�)�) � LM«
�2k w��£qKv�k¶v!pi�Pw	mok¥keh!pa�¾r2v�wxv!¸ÀmFw�pzy!L�Ú�[�HKJP[!ACV3Úª?��PdIGITKJ�GIX�Y_b3<&?�TWD�L;O5?�HFTC<&X

O ?�Y�LPbi8eL�Ù�JPGeVWD�L�­_8�:�8eL % à�<2HCB�Eª<�<�]�L��98�Ù 8�×�)+*�*�L;R %QRiL 22×!L 2+*3)

¯¾Ä�RÉ×�)�)+*�L�O\J�DÂbaGeÝ�ÝP[!AKHo<&T�[�X�]ºO�f2HKJ�< ¦ [!VC[�de<�Y&?�D@TFLP¯¾Ä�R Ä2Ú'ÜK× � Ø�Ø

Ù�D@deV1f�L;798P¯\8�%¢b�<��P�PTFL�à'8P:®8 � Ø�Ø�×!L�R�Ý;N�Ä�× � � L � Ö"Õ

Ò![�X�`¾D@dIdeD�L��985OQ8eL�à�[�X�D�L5`a8�½¾8eL5O\J�<&S�ÝPTW<&XML�^_8�^Â8eL5`ª<2]�D@XML R_8�½¾8eL ¦ <&dI[@Ò2GeVC[2L�:�85:®8eL57�?�SU<&X"VFL Ú58 N�8eL
:#<��PdIDFf�L�7i8MÙ 8eL�Ú�[�dIS�DFA�L�798eL Ä�J�[!<�L�:�8eL � [�TCGITCJ�VFL��98 �98eLMÙ�[�dIdI[�HoD�L N�8M§�8eL ¦ ACDFD@H�J2Ü	¯�[!B2SU[�XML�:®8
N�8eL�§Q<�ACD@TCB�<�L ¦ 8�798eLP§Â?PdeB�[!A�X�G£L�Ä�8�^Â8PÚ�[�XML �98PÚ 8eL %9�Q?��PdeDFA@L�N�8�×�)�)�)![2L;R�N�L�×�×�*�L�Õ � ×



� � 2 �

Ò![�X#`¾D@dIdeD�L �98POÂ8�×�)�)�)���LPÚ�RQÄ2Ú\L�×�×�×!L ×@Õ2×@Õ

Ò![�Xº`ªD@dcdeD�L �98�OQ8eL ¦ GI[!A�]�G£L�798�^_8eL�O\J�<&S�ÝPTC<&XML�^_8�^Â8eL�R3B�D@TW<&XML�^_82à�8ML�à�[�]�[2L�¯�8�R_8 � Ø�Ø�×!L;R3Ý;N�Õ�Õ�)�L�×�×@Õ�Õ

� ü4ôö÷5ù�êxì6ù4êxôöóFñ��MðK÷5ù�êxì6ù!ðCêxì�����ôïñxüañxü4ì'ý ý ø *�� � .	� ë\ð�ú$êxé�÷�õ
�
� ���



� � * �

½�GeY�8Í×!8 
 baGITWVW<�Y�A�[�S <�Ó�VCJ�DÇ>FDFAC<#TCÝP[�HFGIX�YtÒ�GcTCGe�PGIdcGeV	fº[�S�ÝPdcGeVC?�]�D�L ����L�]�DFVWDFA�SUGIX�D@] Ó¥AC<&S V	E¾<!ÜxÝP[!AK[�S�DFVWDFA
Û�VCT¾VW<ÇÒ�GcTCGe�PGIdcGeV	f9]�[!VC[28�O\J�D3VC[�GId�VW<�E�[!AK]ºde<4E�Ò![�dI?�D@Tª<�Ó �+��]�D@S�<&X�TWVWAK[!VWD@T�VCJP[!V¾[9<&X�DoÜxÝP[!A�[�S�DFVWDFA\?�X�GeÓ¥<�AKS
]�GITCB#S�<�]�D@d�GITaX�<�VQ[�deE�[@f2TaTK? -ÀHFGeD@X�V3VW<tÛ�VaVCJ�DÇ]�[!VC[28Q°1Ó¡VCJ�DFACD9GcT3[�TWVWD@dIdc[!AaHo<&S�Ý;[�X�Ge<&X HFde<&TWD9D@X�<&?�Y&J VW<
VCJ�DaÝ�AKGISÀ[!ACf�VW<�Ho<&X"VWAKGI�P?�VWD #P?2ãUVW<ÇVCJ�D�]�DFVWD@HoVW<�A\�P?�V¾]�GITWVC[�X�V¾D@X�<&?�Y&J�TW<9VCJ�[!V�VCJ�D3Ó¥AKGIX�Y�D3ÝP[�HKB�DFVCT\]�<ÇX�<�V
<�Ò�DFA�dI[!Ý�L�VCJ�D3Ò2GITCGI�PGIdIGeV1f_[�S�ÝPdcGeVC?�]�DÆE�GcdId2��D�ACD@]�?PHoD@]M8¡O\J�D�HoAC<&TKT6Ü	J�[!VCHKJ�D@]ÍD@X�VWAKGeD@T¾[!ACD3VCJ�D�B2X�<�E3XÀ�PGcX�[!AKGeD@TF8
O\J�D�X�<&X2Üx�;GIX�[!ACf�E�GIVCJÍde<4E ���aGIT � ¦ DFÝ�L�[ÇTC?�Ý�DFACY&GI[�X�V�VCJ�[!VÆ[!Ý�Ý;[!ACD@X"VCdIfÍ[�dITW<ÇJ�[�TÆTCGIY&X�GeÛPHF[�X�V�D@SUGcTCTCGe<&Xt[!V
TCHF[�deD@T�VW<�<�dI[!ACY�D�VW<���DaTK[�S�ÝPdeD@]Í��fÍ<&?�AÆTCJ�<�ACVWD@TCV¾�;[�TWD@dIGIX�D�8¡R3Ó�VWDFAÆVCJ�Da�;GIX�[!AKGeD@T¾[�X�]�� ¦ DFÝ#[!ACD�ACD@S�<4Ò�D@]ML
VCJ�D_JPGITWVW<�Y�AK[�SµGcTÆTWf�SÀS�DFVWAKGIH�E�GIVCJº[�S�D@[�X#Ò![�dI?�DQ<�Ó�Ø28 )�)�2À[�XP]º[UTWVC[�X�]�[!A�]#]�DFÒ2GI[!VCGe<&X�<�Ó¡Ø28öØ�×@Ô�8



� � Ô �

½�GeY�8 � 8 
 à�GcS_��Ü	]P[!ACB�D@X�GIX�Y�Ho<&X�Ò�DFAKTCGe<&XÞÓ¥[�HoVW<�A�TÀÒ�DFAKTK?�T '�� ���$,�8 O\J�D¬]�[�TCJ�D@]âHF?�ACÒ�D@TÀ[!ACD=Ó�<�AtSU[�GIX
TWD�"�?�D@X�HoDtTWVC[!AKTFæ¡VCJ�DtTW<&dIGI]�HF?�ACÒ�D@Ti[!AKDÀÓ¥<�A_Y&GI[�X�VCTF8#½�AC<&S VW<�ÝßVW<=��<�VWVW<&SºL�VCJ�DÀHF?�AKÒ�D@TiTCJ�<�E Ho<&X"Ò�DFAKTKGe<&X
Ó�[�HoVW<�AKT�Ó�<�A¾Ö"Õ2×�X�SºL�Õ�Õ!ØÇX�SºL�Ô!Ø�Ø9XPSÉ[�X�] � 8 � ��Sº8¡°$V¾GITªX�<�V�Ý�<&TCTCGe�PdIDÆVW<9]�DFVWDFA�SUGIX�D3VCJ�DaTCVC[!AKT � GIX�VWD@X�TCGeV1f
Ý�AC<�Û;deD@TQÓ¥AC<&S VCJ�DÀ]P[!VC[#Ý�ACD@TCD@X"VWD@]åGIX�VCJ�GITÂÝP[!Ý�DFA@8ÍRaT_[ºAKD@TC?�deVFL5EªDÍÛ�V_?�X�GIÓ�<�AKS�Ü	]�GITWB#]�Gc[�S�DFVWDFAKTÂVW<¬VCJ�D
]�[!VC[¬[�X�]®Ho<&X�Ò�DFACV9VCJ�D@S VW< dIGISi��Ü	]�[!ACB�D@X�D@]�]�GI[�S�DFVWDFA�T_?�TCGcX�Y#S�<2]�D@d�[!VCS�<&TCÝPJ�DFACD@TF8ºO\JPGITQÛ�Y&?�AKDÀTCJ�<4E�T
J�<4E VCJ�[!V�dIGcS_��Ü	]P[!ACB�D@X�GIX�YÇHo<&X�Ò�DFAKTCGe<&X=Ò�[!AKGID@TÆE�GeVCJ�VCJ�DQV1f�Ý�DÂ<�Ó¡TWVC[!A3[�X�]ºE�GeVCJ�E�[@Ò�D@dID@X�Y�VCJM8



� � ) �

½�GeY�8 � 8 
 Ú�de<�VÆ<�Ó¡S�D@[�TK?�ACD@]ºDoá�D@HoVCGeÒ�D_VWD@SUÝ�DFA�[!VC?�ACD@T�[�T�[�Ó¥?PX�HoVCGe<&Xº<�Ó '�� � �$,�8�O\J�DÂSÀ[!ACB�DFAKT�GcX�]�GIHF[!VWD
]�G¶á�DFACD@X�V3dI?PSUGIX�<&TCGIV	fºHFdI[�TCTWD@T��\°ÆVWAKGI[�X�Y&dID�L;°C°Æ<�Ý�D@X
T "�?�[!ACD�L�°C°C°Æ<�Ý�D@X HFGeAKHFdeD�L�° � ÛPdIdeD@]¬HFGeAKHFdeD9[�X�] � ÛPdIdeD@]
T "�?�[!ACD�8)O\J�Dº<&?�VCdIGeDFAKTÇ[!ACD=[�dcd¾TK?�Ý�DFACY&GI[�X�VCT�[�X�])[!ACD#Ó¥<&?�A�<�ÓaVCJ�DºÛ�Ò�D=J�GIY&J�D@TWVÇDoã�VCGcX�HoVCGe<&X)TWVC[!AKTÀGIX VCJ�D
TC[�S�Ý;deD�8\O\J�D@GeA3]�DFÝP[!ACVC?�AKDÂÓ�AK<&S VCJ�D9]�GITWVWA�Ge�P?�VCGe<&X�GIT�Ý�AC<��P[!�;deft]P?�D_VW<ÍÝ�<�<�A�Doã2VCGIX�HoVCGI<&X¬Ho<�ACAKD@HoVCGe<&X�T;'�TWDFD
VWDoã2V=,�8�O\J�DaHF?�ACÒ�D�GITª[iÛ�V¾VW<iVCJ�Dade<4EÆÜxDoã2VCGIX�HoVCGe<&XtTWVC[!AKT�[�X�]tGIT�"�?�[�]�AK[!VCGIH�GcXUVCJ�D�de<�Y9<�Ó�VCJ�D�VWD@SUÝ�DFA�[!VC?�ACD�8



� Ö&Ø �

½�GeY�8UÖ�8 
 7aGeá�DFACD@XPHoD���DFV1EªDFD@XåVCJ�DUS�D@[�TK?�ACD@]�Doá�D@HoVCGeÒ�DÀVWD@SUÝ�DFA�[!VC?�ACD@TÂ[�X�]�VCJ�D�Û�V_TCJ�<�E�X�GIX�½�GeY&?�ACD � 8
O\J�DÂTCf�Si��<&dIT\[!ACDÂVCJ�D_TC[�S�D_[�T3GIXº½�GeY&?�ACD � 8 ¦ <&X�TKGI]�DFAKGIX�Yi<&X�dIfÍVCJ�DÂdI<�EÆÜxDoã2VCGIX�HoVCGe<&X¬TWVC[!AKTFLPVCJ�D_TCHF[!VWVWDFA�GIT
deD@TCT3VCJ�[�Xß×FØ�Ø�§ AKSUT�E�J�D@X [�dId�dI?PSUGIX�<&TCGIV	f�HFdI[�TCTWD@T�[!ACDÇGIX�HFdI?P]�D@]#[�X�]¬[!��<&?�V�Õ!Ø�§ E�J�D@X=<&X�defºVCJ�D9Y&GI[�X�VCT
[!ACD_GcX�HFdI?�]�D@]�8



� Ö�× �

½�GeY�8ÀÕ�8 
 Ä�?�ACÓ�[�HoD9�PAKGeY&J�VCX�D@TCTFL � � � � � ��Õ�de<�Y Z � '� ,�L�E�J�DFACD( ºGIT�VCJ�DÀ[�X�Y&?�dI[!AÂ]PGI[�S�DFVWDFA_GIX
SUGcdIdIGI[!AKHzÜTWD@Ho<&X�]PTFL;Ò�DFA�TC?�TQN�<&J�XPTW<&X '�� � �/,�8aO�J�DiTWf2Si��<&dcT�ACDFÝPACD@TWD@X�V3dI?�SÀGIX�<&TCGeV1fºHFdI[�TCTa[�X�]¬[!AKDiVCJ�DÇTC[�S�DÇ[�T�GIX
½�GeY&?�ACD � 8ªO\J�DÂdIGIX�D�GcT�VCJ�D_HF?��PGcH3ÛPV\TWÝ�D@HFGeÛ�D@]���ft¯7"�?�[!VCGI<&X 2�8



� Ö � �

½�GeY�8 2�8 
 ^�D@TCGI]�?P[�dIT ��DFV1EªDFD@XÍVCJ�D�]P[!VC[Â[�X�]�Û�VªTCJ�<�E3XUGIXU½�GeY&?�AKD�Õ�8'R3T'GcX�Ý�ACDFÒ2Ge<&?�T�Û�Y&?�ACD@TFL&VCJ�D3TWf�Si��<&dIT
ACDFÝ�AKD@TWD@X"VtdI?�SUGcX�<&TCGeV1fåHFdI[�TCTÍ[�X�]Þ[!AKD=VCJ�D TC[�S�D¬[�TtGIXâ½�GeY&?�ACD � 8 O\J�D¬TCHF[!VWVWDFAºGITÀdI[!AKY�DFAÀVCJ�[�X�HF[�XÞ��D
Doã2ÝPdI[�GIX�D@]=��fºVCJ�Di?�X�HoDFAKVC[�GIX"VCGID@T3GIX=D@GeVCJ�DFAaVCJ�Di[�X�Y&?�dI[!A�]�GI[�S�DFVWDFAKT3<�AaVCJ�DiÝ;J�<�VW<&S�DFVWACf=[�XP]=GIT3Ý�AC<��P[!�;def
GIX�VWAKGIX�TKGIH�VW<ÀVCJ�DQACD@dI[!VCGe<&XPTCJ�GeÝ�8



� Ö � �

½�GeY�8 *�8 
 Ä�?�ACÓ�[�HoDÍ��A�GeY&J"VCX�D@TCT9Ò�DFAKTC?�T '�� � �$,�8 �aTCGIX�Y:'�� � ��,_[�T�VCJ�DºTC?�ACAC<�Y&[!VWD�Ó�<�A�VWD@SUÝ�DFA�[!VC?�ACD
Ý�AC<2]�?�HoD@T�[ßACD@dI[!VCGI<&X�TCJ�GeÝ�E�J�DFAKD VCJ�D AKD@]�]�D@X�GIX�YåHF?�ACÒ�D�GcTt[�dcS�<&TWV�ÝP[!AK[�dIdID@d3VW<)VCJ�D
TK?�ACÓ�[�HoD �PAKGeY&J�VCX�D@TCT
ACD@dI[!VCGI<&X�TCJ�GeÝ�L�SU[!B�GcX�YUVCJ�GIT3?�TWDFÓ�?�dMÓ¥<�A3D@TCVCGISU[!VCGIX�YtTWVWD@dIdI[!Aa[�X�Y&?�dI[!Aa]�GI[�S�DFVWDFA�TF8\O\J�D9TCHF[!VWVWDFAQGIS�ÝPdIGID@T�VCJ�[!V
[�X�Y&?�dc[!A�]PGI[�S�DFVWDFA�D@TWVCGISU[!VWD@T�[!ACD�Y�<�<2]tVW<U[!��<&?�V � 	t8'O�J�DQTWf�Si��<&dITªACDFÝ�ACD@TWD@X�VÆdI?�SUGcX�<&TCGeV1fÇHFdc[�TCT�[�X�]º[!ACD
VCJ�D_TK[�S�DÂ[�T�GIXº½�GeY&?�ACD � 8�O\J�DÂdcGIX�DQGIT�VCJ�D/"�?�[�]�A�[!VCGIHaÛ�V\Y&GeÒ�D@Xº��f�¯ "�?�[!VCGe<&X *�8



� Ö�Ö �

½�GeY�8ªÔ�8 
 ^\D@TCGI]P?�[�dIT¾<�Ó5VCJ�D_TC?�ACÓ�[�HoDQ��AKGIY&J"VCX�D@TKT�Ò�DFAKTC?�T/'�� �
�$,¾]�[!VC[ÀVW<UVCJ�DQÛ�V\TKJ�<�E�X=GIXº½�GeY&?�ACD *�8



� Ö"Õ �

½�GeY�8 )�8 
 ^�D@TCGI]�?�[�dcT�<�Ó � � '�� ���$,\Ò�DFA�TC?�T�VCJ�DÇACD@TCGc]�?�[�dIT�<�Ó � � '�� � �/,�8_O�J�D�Ho<�ACACD@dI[!VCGe<&X
Ho<�D	-ÀHFGeD@X�V
GITiØ28I×�*�L�GIS�ÝPdIf�GIX�YtVCJP[!ViVCJ�Dt?�X�Ho<�ACAKD@dI[!VWD@]®X�<&GcTWDÍJ�[�T9[#Ò![!AKGI[�XPHoD ×!8þÔ=VCGIS�D@TidI[!ACY�DFA9VCJ�[�X®VCJ�DtHo<�ACAKD@dI[!VWD@]
X�<&GITCD�8�°$Ó VCJ�D_TCHF[!VWVWDFAQGIXºVCJ�D@TCDÂACD@dI[!VCGe<&XPTCJ�GeÝPT¾E¾DFACD_ÝPAKGISU[!AKGcdefÀGIXºD@GIVCJ�DFA\VCJ�D_[�X�Y&?�dI[!A3]PGI[�S�DFVWDFAKTÆ<�AaVCJ�D �
SU[!Y&X�GIVC?�]�D@TFL�VCJ�DUÒ�[!A�GI[�X�HoD�<�Ó�VCJ�DÀHo<�ACAKD@dI[!VWD@]®X�<&GcTWD�Eª<&?PdI]
��DUdI[!ACY�DFAÂVCJ�[�X®VCJ�D�Ò![!AKGI[�X�HoDU<�Ó¾VCJ�DÀ?PX�Ho<�AWÜ
ACD@dI[!VWD@]®X�<&GITWD�8UÙ�DÍ?�TWD�VCJ�GIT_dI[�HCB
<�Ó�Ho<�ACACD@dI[!VCGe<&X�VW<¬[!ACY&?�D�VCJP[!VÂVCJ�DÀTCHF[!VWVWDFAÇGIX�½�GeY&?�AKD@T_Õº[�X�] *�GcTÂX�<�V
GIX
VCJ�DUSUD@[�TC?�ACD@S�D@X�VCTÂ�;?�VÂGITQGIX�VWAKGIX�TKGIH_VW<=VCJ�DUTC?�ACÓ�[�HoD���AKGIY&J"VCX�D@TKT�ACD@dI[!VCGe<&X�TKJ�GeÝPTF8ÇR3Y&[�GIXML�VCJ�DUTWf�Si��<&dITFL
GIX�]PGIHF[!VCGIX�YÇdI?�SUGcX�<&TCGeV1fÀHFdI[�TCTFL;[!ACDQVCJ�D_TC[�SUD_[�T\GIXº½�GeY&?�AKD � 8



� Ö 2 �

½�GeY�8Æ×FØ28 
 O�J�D\AK[!VCGe<_<�ÓMVCJ�D�?�X�GIÓ�<�AKS¢]PGITWBÇ[�X�Y&?�dI[!A�]PGI[�S�DFVWDFAªSUD@[�TC?�ACD@]U[!V�Ô!Ø�ØiXPS¢VW<_VCJ�[!V¾S�D@[�TC?�AKD@]U[!V
Õ�Õ!ØÇX�Sº8¡O\J�D3Ò�DFACVCGIHF[�d�dIGIX�D@T¡ACDFÝ�ACD@TCD@X"V�× �¬DFACAC<�A�TF8¡O\J�D�VCJ�ACDFDaHF?�ACÒ�D@T�TCJ�<�E�VCJ�DaDoá�D@HoV�<�Ó�VCJ�D3E�[@Ò�D@deD@X�Y�VCJ
]�DFÝ�D@X�]�D@XPHoDÍ<�ÓadIGISi�ß]�[!AKB�D@X�GIX�Y
[�X�] [!ACD�Ó�AK<&S SU<�]�D@d�[!VCS�<&TCÝPJ�DFACDºHF[�dIHF?�dc[!VCGe<&X�T9��fß§Â?�AK?PHo>ÀÓ¥<�AUSU[�GIX
TWD�"�?�D@X�HoD�LMY&GI[�X�VCTQ[�X�]
TC?�Ý�DFACY&Gc[�X"VCTF8ÂO�J�D9TCf�Si��<&dIT�AKDFÝ�ACD@TWD@X�VQdI?�SUGIX�<&TCGeV	fºHFdI[�TKTQ[�X�]
[!ACDÇVCJ�D�TC[�S�D�[�TQGIX
½�GeY&?�ACD � 8



� Ö * �

½�GeY�8�×�×!8 
 O\J�DUAK[!VCGI<#<�ÓÆVCJ�DÍ?PX�GeÓ¥<�AKS ]�GITWB
[�X�Y&?�dc[!Ai]�GI[�SUDFVWDFAiS�D@[�TC?�ACD@]®[!VÇÔ!Ø�Ø¬X�S ]�GeÒ2GI]�D@]
��f
VCJ�[!V
S�D@[�TC?�ACD@]�[!V_Ö"Õ2×ÍX�Sº8ÀRaTÂGIX®½ GIY&?�ACD#×FØ2L VCJ�DÀHF?�ACÒ�D@TiTCJ�<4E VCJ�DUDoá�D@HoV_<�ÓÆdIGcS_��]�[!AKB�D@X�GIX�Y�8ÀR3Y&[�GIXML5VCJ�D
S�D@[�TC?�ACD@]�AK[!VCGe<&T_[!ACDUTCdIGeY&J�VCdef dI[!ACY�DFAÂVCJ�[�X�Ý�ACD@]�GIHoVWD@]
��f VCJ�DUS�<2]�D@dITF8�O\J�D�TWf2Si��<&dcTQGIX�]�GIHF[!VWD�]�Geá�DFACD@X�V
dI?�SÀGIX�<&TCGeV1fÀHFdI[�TCTCD@T\[�X�]#[!ACDi]�D@TCHoAKGe��D@]�GIXº½�GeY&?�AKD � 8



� Ö"Ô �

½�GeY�8\× � 8 
 O\J�D3AK[!VCGI<i<�Ó ?�X�GeÓ¥<�AKS ]PGITWBU[�X�Y&?�dc[!A�]PGI[�S�DFVWDFAKT�[!VÆ§ �P[�X�]ÍVW<ÇVCJ�[!VÆ[!V�Ô!Ø�Ø�X�Sº8¡O\J�D�GIX�Ó¥AK[!ACD@]
]�[!VC[_EªDFACD3VC[!B�D@XtÓ�AC<&S ° � O '�HFGeAKHFdID@T=,�L"° Ñ O R '�T "�?�[!AKD@T=,¡[�X�]ÍÚ�OÆ° '¥VWAKGc[�X�Y&deD@T=,�8¡O\J�D�Ò�DFACVCGIHF[�d�dIGIX�D@T'GcX�]�GIHF[!VWD
VCJ�D#× � DFAKAC<�AKTF8�O\J�DUJ�<�AKGe>F<&X�VC[�d¡dIGIX�D@T�[!ACDÀHF[�dcHF?�dI[!VCGe<&X�T�Ó¥AC<&S SU<�]�D@d�[!VCS�<&TCÝPJ�DFACD@T_Ó�<�AÂSU[�GcX�TWD�"�?�D@X�HoD�L
Y&GI[�X�VCT�[�X�]ºTK?�Ý�DFACY&GI[�X�VCTF8



� Ö ) �

½�GeY�8�× � 8 
 Ä�?�ACÓ�[�HoD���AKGIY&J"VCX�D@TKT�Ò�DFAKTC?PT7'�� � ��,�Ó�<�A�TWVC[!AKT5<��PTWDFACÒ�D@]9��fÂÚ�OÆ° '¥Ò![�Xi`¾D@dIdID�DFV�[�d£8eL�×�)�)�)![ ,�8'O\J�D
TC?�AKÓ¥[�HoDÆ��A�GeY&J"VCX�D@TCT�E¾[�T'Y�D@X�DFAK[!VWD@]UÓ¥AC<&S VCJ�D3Ú�OÆ° � 8 � ��S¢?�X�GeÓ¥<�AKSÇÜ	]PGITWB '�X�<�V�dcGIS_��Ü	]�[!ACB�D@X�D@] ,�]�GI[�SUDFVWDFAKTF8
O\J�DÆTW<&dcGI]ÇdIGIX�D�GIT�[("�?P[�]�AK[!VCGIH¾Û�V¡VW<QVCJ�D�Ô!Ø�Ø_X�S TC?�ACÓ�[�HoDÆ��AKGeY&J�VCX�D@TCTCD@T5Ó¥AC<&S¢VCJ�DÆ:¬[!ACB9°C°C°z8�O�J�DÆ]�G¶á�DFACD@X�HoD
��DFV	E¾DFD@X_VCJ�Dª]�[!VC[a[�X�]ÂVCJ�DªdIGIX�D'GIT�Û�Ò�DªVCGIS�D@T�VCJ�Dªde<�Y&[!A�GeVCJ�S <�Ó�VCJ�DªAK[!VCGe<3<�Ó�VCJ�D � 8 � ��S VW<�Ô!Ø�Ø3X�S-?�X�GeÓ¥<�AKS
]�GITCBÍ]�GI[�SUDFVWDFAKTF8



� Õ!Ø �

½�GeY�83×oÖ�8 
 O\J�DQA�[!VCGe<U<�Ó¡Ú�OÆ° � 8 � ��S ?�X�GeÓ¥<�AKS*]�GITCBÍ]�GI[�SUDFVWDFAKT\VW<UVCJ�DiÔ!Ø�ØÀX�S ?�X�GeÓ¥<�AKS*]�GITCBÍ]�GI[�SUDFVWDFAKT
Ý�ACD@]PGIHoVWD@]º��f�¯7"�?P[!VCGe<&X®× � 8ÆO\J�DÂ]P[!VC[À[!ACDiVCJ�D_TC[�S�D9[�T\VCJ�<&TCDiTCJ�<4E�X#GIX=½ GIY&?�ACDÀ× � 8�Ä�VC[!AKT�<��PTWDFACÒ�D@]=��f
��<�VCJ#Ú�O\°ª[�X�]ºVCJ�Di:=[!AKBÍ°C°K°ª[!ACD_TKJ�<�E�X#E�GeVCJ�ÛPdIdID@]tTCf�Si��<&dITF8


